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Chapter1 INTRODUCTION

The mission of the Delaware Department of Transportation (DelDOT) is to ‘provide excellence in
transportation for every trip made, by every mode of transportation, for every dollar spent, for
everyone’. The Department strives to make sure every trip taken in Delaware is safe, reliable and
convenient for people and commerce. It is important that safe options are provided for travelers in
Delaware to access roads, buses, bike trails, walking paths, and all modes of transportation. This is done
by seeking the best value for every dollar spent to benefit the customers and employees that utilize the
services of the Department.

This Policy supports DelDOT’s mission, and outlines the general practices, procedures and standards that
govern roadway lighting designs for state-maintained roadways in Delaware. It is organized into six
chapters as follows:
e Chapter 1, Introduction — an introduction to the purpose of roadway lighting, and a review of
the basic information for roadway lighting designs
e Chapter 2, The Lighting Plan Development and Deliverable Process — reviews the process of
performing a roadway lighting design, from initial request through installation of the design
e Chapter 3, Lighting Warrants — describes the DelDOT warrants for roadway lighting
e Chapter 4, Lighting Requirements and Analysis — provides guidance on determining the area of
illumination, describes the process of performing lighting photometric calculations, and provides
support on calculation criteria
e Chapter 5, Lighting Design and Electrical Elements — details the acceptable standards for the
design elements of roadway lighting
e Chapter 6, Electrical Utilities — describes the design elements for utility owned lighting, and the
coordination process with the local utility company for lighting projects

1.A Purpose of Roadway Lighting

The principal purpose of roadway lighting is to provide improved visibility for those traveling on
roadways at night. Lighting can provide an additional level of comfort for a driver that sometimes cannot
be achieved through the installation of raised pavement markers, pavement striping, roadway signing,
or other effective passive methods. All customers that utilize the state-maintained roadway network
system in Delaware, including drivers, pedestrians and bicyclists, can benefit from improved visibility in
night-time conditions.

Although roadway lighting can be beneficial, there are negative aspects to providing roadway lighting.
Even though DelDOT has standards in place for developing roadway lighting designs that limit light
pollution, artificial light produced by roadway lighting does contribute to the night sky glow and reduces
dark sky. There are also significant costs associated with providing a roadway lighting system owned by
DelDOT, including construction costs for the installation, maintenance costs for both staff and
equipment, and on-going electrical costs for the energy usage. For roadway lights mounted on utility
poles, which are installed, owned and maintained by utility companies, DelDOT is responsible to pay a
monthly tariff fee to the utility company for the cost of the fixture. Other concerns DelDOT has with
installing roadway lighting is having enough staff available to maintain the lighting systems throughout
the state. Also, although every effort is made to design and install roadway lighting that is considerate of
errant drivers, any equipment installed along a roadway is a potential roadside hazard.
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In the interest of being conservative with electrical and equipment costs, as well as taking into
consideration DelDOT’s maintenance capabilities, it is not realistic to install roadway lighting for every
roadway in Delaware. Roadway lighting is also regulated by Delaware’s State Code, Title 7, Chapter 71A
(Regulation of Outdoor Lighting). A copy of Title 7 can be accessed at the following location:
http://delcode.delaware.gov/title7/index.shtml. This Policy supports the regulations for roadway
lighting established in Title 7, and provides additional guidance for designers to develop lighting systems
that increase the potential safety of travelers on state-maintained roadways.

DelDOT will only install, maintain and fund lighting along state-maintained roadways to provide a safer
facility for all road users including pedestrians, bicyclists, and transit users. Lighting for any purpose
other than traffic safety, such as crime prevention, could be considered only if the design was
completed to DelDOT standards, and another entity agrees to fund the construction and utility costs, as
well as the on-going maintenance of the system. See Appendix B for additional information on DelDOT’s
funding of lighting projects.

1.B Design Objectives

The main objectives when performing a roadway lighting design is to provide a lighting system that:
o Meets DelDOT’s required lighting design values
e Meets DelDOT’s required uniformity ratio values
e Helps drivers on state-maintained roadways by providing safe travel pathways
e Supports the needs of pedestrians utilizing the state-maintained roadway network
Provides cost effective transportation infrastructure
Effectively minimizes environmental impacts
Meets all electrical safety standards
Controls the intrusion of light outside the intended design area
e Controls source glare by the design and/or the placement of the luminaires
e Maintains the clear zone by using only shielded or breakaway devices therein
e Minimizes the number of poles or other equipment that has a reasonable expectation of being
struck by an errant road user

1.C Design Rules

To help facilitate good design practice, DelDOT has adopted Design Rules as stated in this Policy to
ensure that the Design Goal is fully considered during the design and implementation of every roadway
lighting system.

The establishment of target design values is necessary to provide appropriate and consistent levels of
illumination on state-maintained roadways. The DelDOT accepted method for lighting analysis shall be
the illuminance method, which will help the Department to provide consistent and thorough lighting
reviews. The designer should refer to Table 7 (in Chapter 4) as a guideline for standard illuminance
levels and uniformity ratio values.

1.D Roles and Responsibilities

Many sections of DelDOT and other outside organizations contribute to the planning, design,
construction, operations and maintenance of roadway lighting systems in Delaware. Information on the
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roles and responsibilities of these stakeholders with regards to lighting designs can be found in
Appendix C.

1.E Project Types

Lighting projects can generally be classified into one of four (4) types. The project type will determine
the design process of the project, which has been described in more detail in Chapter 2 of this Policy. In
general, the four lighting project types are:

Table 1 — Typical Lighting Project Types
Type A | Capital Projects

Type B | Traffic Lead Projects (Major)
Type C | Traffic Lead Projects (Minor)
Type D | All Other Projects

Capital Projects (Type A):

Typically, led by DelDOT’s Department of Transportation Solutions or Department of
Planning.

DelDOT’s Traffic Section serves in a support role. Traffic Systems Design Section (or
consultant representative) prepares the lighting design plans and supporting documents.
Project types include:

New roadways

Corridor improvements

Sidewalk/multi-use paths

Bridge improvements

HEP Projects

TE Projects

Ped Audits

Other capital improvements

O O O O O O O O

Traffic Lead Projects — Major (Type B):

Typically, led and coordinated by DelDOT’s Traffic Section.
Supported by groups outside of the Traffic Section, as needed.
Project aspects classifying it as ‘Type B’ include:

o Lighting extending beyond the limits of an intersection

o Installation of one or more lighting cabinet with multiple circuits
o Significant coordination with local utilities

o Designs requiring special details

Traffic Lead Projects — Minor (Type C):

Typically, led and coordinated by DelDOT’s Traffic Section.

DelDOT Traffic Systems Design Group will typically prepare lighting plans.
Support from groups outside of the Traffic Section is rarely needed.
Project aspects classifying it as ‘Type C’ include:

o Tariff only lighting designs

o Lighting within the limits of an intersection only

o Installation of a single lighting cabinet

Chapter 1 — Introduction Page 3



Delaware Department of Transportation’s Traffic Lighting Policy

All Other Projects (Type D):
e Typically, led by an agency outside of DelDOT (i.e. developers, Home Owners Associations,
municipalities, towns, utility companies, legislator funded projects, etc.).
e DelDOT Traffic Systems Design Group serves in a review capacity only.
e Additional support provided as directed by the Chief of Traffic Engineering or designee.

Lighting upgrades may also originate through maintenance efforts. When existing lighting fixtures that
do not meet current DelDOT standards are being retrofitted, DelDOT’s Memorandum: ‘Guidance on
Retrofitting Existing HPS Lighting Fixtures with LED Equivalents’ shall be followed so acceptable
equivalent LED fixtures are installed. See Appendix D for a copy of this memo. If a maintenance effort
includes the relocation of existing lighting, or installation of new lighting equipment, the project would
be treated as a Type B or Type C, as applicable. In these situations, a photometric analysis and a lighting
design would be required to determine optimized light fixture spacing and photometric values.

1.F Definitions
The following definitions are for terms used in this Policy:

High Pressure Sodium (HPS): A type of lighting fixture that works by creating an electric arc through
vaporized sodium metal. HPS fixtures have historically been the most common roadway lighting fixture.

[lluminance: Amount of light that falls onto a surface. Measured in lumens per square foot, aka. foot-
candles (fc).

Lateral Light Distribution: The predetermined pattern of light that is emitted by a luminaire onto a level

surface.

Light-Emitting Diode (LED): A type of lighting fixture that contains electric components that emit light
when electric current flows through them. LED fixtures are currently a popular choice for roadway
lighting, due to their high efficiency.

Luminaire: Another term for a complete light fixture.

Luminance: Amount of light that reflects off or is emitted from a surface in a certain direction. Measured
in candelas per square meter (cd/m?).

Photometric Calculations: Calculations that are performed to measure and test the amount of light that
is emitted by using predetermined fixture locations.

Uniformity Ratio (average/minimum): The ratio of the average illuminance value of all points in a
specified area, to the darkest lit points in the same specified area.

Utility Clearance: The standard distance that must be maintained between any lighting equipment and
any utility.

Vendor: A company that manufactures and sells roadway lighting fixtures.

Vertical Light Distribution: The predetermined amount of light that is distributed at measured vertical
angles from the luminaire.
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Warrant: Validation that the addition of lighting would be beneficial in specific situations.

1.G Referenced Publications

The following publications and supporting documents are referenced in this Policy:
e AASHTO’s Roadside Design Guide
e AASHTOQO’s Roadway Lighting Design Guide
o Delaware’s State Code, Title 7, Chapter 71A
e DelDOT’s Design Resource Center
e DelDOT’s Functional Classification Maps
e DelDOT's Pedestrian Accessibility Standards (PAS) for Facilities in the Public Right-of-Way
e DelDOT’s Road Design Manual
e DelDOT’s Standard Specifications
e DelDOT’s Standard Construction Details
DelDOT’s Traffic Design Manual
NFPA 70 National Electrical Code (NEC)
e |ESNA’s Lighting for Parking Facilities (RP-20-14)
e |ESNA’s Roadway Lighting (RP-8-14)
e |ESNA’s Tunnel Lighting (RP-22-11)
e |EEE’s National Electrical Safety Code

1.H DelDOT Traffic Lighting Policy Updates

The information contained in this policy document is current at the time of publishing. It is expected
that the guidance contained in this document may be updated periodically. Interim guidance may be
published by DelDOT and will be made available on DelDOT’s website within the Design Resource Center
(DRC). Proposed changes to this policy document should be suggested using the Traffic Systems Design
Directive form found in Appendix A, and must be approved by DelDOT’s Chief of Traffic Engineering.
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Chapter 2 THE LIGHTING PLAN DEVELOPMENT AND DELIVERABLE PROCESS

This chapter of DelDOT’s Traffic Lighting Policy describes the recommended process of performing a
lighting design, from the initial request through installation of the design. Details of this process may
vary with any design but should be followed to support engineers in developing lighting designs that
conform to the Department’s policies.

2.A Project Initiation

The lighting design process can begin in a variety of ways, including a request to install or modify
existing lighting. A roadway design project could also trigger an evaluation of existing or proposed
roadway lighting. The results of a study could include potential lighting improvements. Based on the
project, the size of a roadway lighting design could range drastically, from lighting a single intersection,
to lighting an entire interchange, or a lengthy roadway segment.

2.B Establish Need for Lighting

DelDOT Traffic’s responsibility is limited to roadway lighting along state-maintained roadways, outside
of subdivisions, and within DelDOT’s Right of Way. If all of these conditions are not satisfied for a lighting
project, then no further action is required by the DelDOT Traffic Systems Design Group (i.e. Traffic
Design Group) or the DelDOT Traffic Studies Group (i.e. Traffic Studies Group). If a lighting project meets
all of these conditions, then a need for lighting must be established prior to beginning a lighting design.

This Policy has developed standard warrants to provide a methodology for approving and installing
lighting throughout the State. A need for lighting could also be determined by a traffic engineering
study, the Traffic Studies Group, or the DelDOT HSIP/Design Resource Group. In all cases, the installation
of lighting or the continuation of lighting depends on the availability of authorized funds for this
purpose. For information on determining if lighting is warranted for a project, and supporting
information, see Chapter 3.

If lighting is warranted, the designer should determine the area of the project that will require
illumination. The lighting area will differ for every project, but this Policy has provided guidance to help
determine the extent of lighting that will be needed based on certain geometric characteristics and
roadway features. For additional information on determining the areas of illumination for a lighting
design, see Chapter 4.

If lighting is not warranted, DelDOT will not prepare a lighting design. The findings should be shared with
the original requestor, then documented and filed for future reference. In certain cases, funding from
sources outside of the Department may still support a lighting installation along a DelDOT owned
roadway even if lighting is not warranted by DelDOT. In these cases, the party that is pursuing lighting
installation shall follow the standard processes described in this Policy to develop a lighting design that
meets DelDOT standards. The outside party should submit the lighting design to DelDOT for review and
conformity.
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2.C Project Coordination
2.C.1 Agency Coordination

Prior to completing a design, the engineer should obtain from the Department any existing information
on record pertaining to the project, including existing plans, as available. On-going coordination with
those involved in the design will be needed throughout the life of the project. In general, the project
type determines the deliverables that are required and the job expectations of those involved.

Type A (Capital Projects):

e Designer completes lighting work as a portion of a larger project

o If study performed before design initiation and lighting was recommended, designer should
request:
o Copy of the study
o Crash diagram showing the general area of concern
o Other pertinent data

e Designer completes warrant evaluation for lighting to determine if lighting is warranted

e Designer obtains additional data for existing, proposed or modified lighting conditions

e Designer determines extent of lighting design

e Designer coordinates with Project Manager and others who have a specific interest in the
project

Type B / C (Traffic Lead Projects — Major or Minor):

e Designer completes lighting work as the primary purpose of project

e |f Traffic Studies Group initiated project, at beginning of design process they shall provide
designer:
o Copy of study
o Crash diagram showing the general area of concern
o Other pertinent data

e Designer completes warrant evaluation for lighting, if not already completed by Traffic Studies

e Designer should obtain additional data for existing, proposed or modified lighting conditions

e Designer will work with Studies, to finalize limits of lighting improvements

e Designer coordinates with Project Manager and others who have a specific interest in the
project

Type D (All Other Projects):
e Design and study typically led and completed by agency outside of DelDOT (i.e. developers,
Homeowners Associations, municipalities, towns, utility companies, legislator funded projects, etc.)
e Traffic Design Group will review design if lighting is along a state-maintained roadway

2.C.2 External Coordination

Coordination with the local electric utility company should be initiated as early in the design process as
possible. The designer is responsible to coordinate with the local utility company regarding power
sources and utility pole mounted (tariff) lighting. See Chapter 6 for additional information regarding
utility coordination.
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If the project is located near an airport, port facility, railroad or air base, additional coordination with
the appropriate agencies (Federal Aviation Administration (FAA), CSX, etc.) will likely be required.

2.D Submission Requirements

In general, the project type determines the deliverables that are required and the job expectations of

those involved.

Table 2 summarizes the deliverable requirements for each project type submission:

Table 2 - Lighting Project Deliverable Requirements

Preliminary Semi-Final Final PS&E or Handoff
Project Type A— | o Preliminary | o Semi-Final Plans o Final Plans o PS&E Plans
Capital Projects Plans o Voltage Drop o Revised Voltage Drop o Revised Voltage Drop
o Draft Calculations Calculations Calculations
Lighting o Conduit Fill o Revised Conduit Fill o Revised Conduit Fill
Design Calculations Calculations Calculations
Report o Details o Revised Details o Revised Details
o Cost Estimate o Revised Cost Estimate o Revised Cost Estimate
o Revised Lighting o Revised Lighting Design | o Revised Lighting Design
Design Report & Report & Photometric Report & Photometric
Photometric Figure Figure
Figure o Special Provisions o Revised Special Provisions
(as necessary) (as necessary)
Project Type B— |o Draft o Semi-Final Plans o Final Plans o Signed Plans
Traffic Lead Lighting o Voltage Drop o Revised Voltage Drop o Revised Voltage Drop
Projects (Major) Design Calculations Calculations Calculations
Report o Conduit Fill o Revised Conduit Fill o Revised Conduit Fill
Calculations Calculations Calculations
o Details o Revised Details o Revised Details
o Cost Estimate o Revised Cost Estimate o Revised Cost Estimate
o Revised Lighting o Revised Lighting Design | o Revised Lighting Design
Design Report & Report & Photometric Report & Photometric
Photometric Figure Figure
Figure o Special Provisions o Revised Special Provisions
(as necessary) (as necessary)
o Handoff Package
Project Type C — N/A o Semi-Final Plans N/A o Signed Plans
Traffic Lead o Voltage Drop o Revised Voltage Drop
Projects (Minor) Calculations Calculations
o Conduit Fill o Revised Conduit Fill
Calculations Calculations

o Cost Estimate

o Lighting Design
Report &
Photometric
Figure

o Revised Cost Estimate
o Revised Lighting Design
Report & Photometric

Figure
o Handoff Package

Project Type D —
All Other
Projects

No Formal Submission Process

-Designer should support project as per direction from Chief of Traffic Engineering or designee.
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2.E Development of Plans and Deliverables

The preparation of the design plans is one of the most important aspects of a lighting project. The
lighting plans convey a detailed method for both the installation and maintenance of the lighting
system. It is paramount that the designer communicates the design aspects in a clear, concise, correct,
and thorough manner. The roadway lighting plans may be a supplemental part of a larger construction
plan set (Project Type A), or they may constitute a complete set of standalone plans (Project Types B/ C
/ D). This Chapter provides information on the lighting design deliverables. Additional information on
features to be included in the lighting plans can be found in Appendix E.

Lighting plans should be developed for every lighting design completed along a state-maintained
roadway. Plan sheets depict how the proposed lighting system should be installed and provide detailed
information to help M&O better maintain the system in the future. Plan sheets generally show both
existing and proposed geometric features of the roadway and lighting equipment and identify the
proposed power source. Other important information typically included are specific directions on how
to install the system, including structural and electrical details.

Lighting plans should be oriented to show the major roadway running left to right, unless they are
included in a larger plan set that dictates otherwise. All fonts, symbols, the title block, and the border
should be in accordance with DelDOT’s latest CADD standards. These standards can be found at the
Design Resource Center on the Delaware Department of Transportation’s website, at www.deldot.gov.
Files at this location include cell libraries, seed files, font styles, line styles, etc. Microstation should be
used to prepare all lighting design plans. For a checklist of items to be shown on a lighting plan, see
Appendix E. For samples of plan sheets, see Appendix F through Appendix J.

Title sheets may be required for lighting designs and will be included at the direction of the DelDOT
Traffic Section, as necessary. Title sheets identify the location of the project and the limits of work on a
location map. The project title and the index of sheets are also included on the title sheet. Signature
blocks shall be shown, with spaces provided for the Chief of Traffic Engineering approval and the
Designer. The Designer shall also stamp the title sheet. Contract numbers shall be provided for DelDOT
or Federal-aid projects, as applicable. An example of the standard lighting title sheet can be found in
Appendix F.

2.E.1 Prepare Base Plans

The designer should collect any available data or information on their project location and the
equipment therein to develop base plans. This includes locating any ‘as-built’ plans, whether it be for
traffic equipment, highway design, utilities, etc. Existing right-of-way information is also extremely
important, and can be determined by utilizing existing plans, pulling any plats, or performing necessary
research with the local municipality to locate deeds. Additionally, since all lighting equipment should be
installed outside the clear zone, it is important to designate the clear zone on the base plans. All
information will help the designer develop thorough lighting designs. The lighting designer is responsible
to locate and review the available information before performing any aspects of design.

Once the preliminary data has been collected and reviewed, the lighting designer can set up the base
plan. A CADD version of a base plan should be prepared for every lighting design. All base plans should
follow DelDOT’s CADD Standards. Base plans should be developed at a scale of 1 inch = 30 feet and
typically show existing and proposed roadway geometrics, utilities, right-of-way, drainage, and clear
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zone, as well as any physical features that could affect the design of the lighting system. All existing
traffic equipment, including lighting features, signals, and ITS devices, as well as the final striping
condition of the roadway should be shown. In addition, any proposed traffic equipment that may have
any potential conflicts with the lighting design should be verified.

The information to be shown on a base plan can be displayed using different methods. For more simple
lighting designs, an aerial background, in combination with measurements and information gathered
during the site visit, can be used to display the features. For more complicated designs involving
roadway reconstruction, or if utility, right of way, geometric, or other required information is
indeterminable, a full survey may be required. Depending on the scope of the lighting project, surveying
could include: instrumental field work, deed research and Right-of-Way establishment, as well as
locating underground and aerial utilities based on field data and utility company information. When a
survey is available, it should be utilized to prepare the lighting base plans. The lighting designer is still
responsible to perform their own site visit to verify the features of a survey.

A detailed list of base plan features is included in Table 3 below.

Table 3 — Typical Lighting Base Plan Features

e Surveyed topography

e Ultimate locations of building lines, fences, trees, shrubs, etc.

e Right-of-way (existing and proposed)

e Limit of construction

o C(lear zone

e  Proposed baseline

e Road name labels

e Ultimate physical features (curb and gutter, islands, sidewalks, medians, shoulders,
drainage structures, guardrail)

e Ultimate locations of all utility equipment (poles, manholes, underground conduits
and pipes, overhead aerial lines, etc.)

e Location of existing lighting equipment (poles, controller cabinet, junction wells, etc.)

e Ultimate locations of all traffic equipment, as necessary

e Ultimate striping condition

e  Ultimate structure locations

e Bus stops and loading zones

It is imperative that the information displayed in the base plan convey the actual field conditions. The
lighting designer is responsible to complete a thorough in-person inventory / assessment of the project
site to determine the current conditions. The designer is responsible for collecting information on
existing overhead and underground utilities, and equipment that could interfere with a lighting design. If
an existing lighting system is present within the project limits, the designer should verify all equipment
included in the lighting system. If any field issues/irregularities are discovered, the designer should
report them to the appropriate districts in the Department.

Information that should be collected, or verified, during the site visit is included in Table 4 below.
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Table 4 - Typical Site Visit Verification Checklist
e  Existing lighting equipment locations (cabinets, junction wells, poles, etc.)
e  Existing lighting power sources
e  Existing light fixture information (wattages, fixture type, etc.)
e Conflicts between existing lighting and utilities
e  Utility pole locations and overhead line heights
e Other utility features
e Potential electrical service sources
e Potential light pole and cabinet locations
e Locations of drainage features
e  Pavement markings
e Sidewalks and handicap ramps
e  Guardrail locations
e  Existing off-road lighting (i.e. — private lighting, etc.)
e Trees and vegetation
e Important roadway features (edge of pavement, driveways, entrances, etc.)
e Nearby structures and heights (buildings, bridges, sign structures, etc.)
e  Potential safety impacts
e  Existing transit stops
e Intersection information (signalized, unsignalized, etc.)
e Surrounding land use information
e Speed limit of roadway
e Sjte distance obstructions

2.E.2 Preliminary Submission
2.E.2.a Preliminary Design Plans

Once a base plan has been developed, the preliminary plan sheets should be created to better display
the design. These sheets will be used to define the area of the project that requires illumination. The
illuminance levels for the design should be shown on the preliminary plan sheets. The area of lighting
should be shaded on the plans and submitted to the Traffic Design Group as part of the preliminary
submission.

Information to be shown on the preliminary design plans include:
e Information from the base plans
e Locations and identification of existing lighting equipment
e Proposed geometric condition of the roadway
e Proposed striping condition of the roadway
e Proposed area of illumination
e Required illuminance values

Additional information may be necessary on the preliminary plans, depending on the project scope. If
the project has specific design concerns, they should be shared with Traffic Design Group when the
preliminary plans are submitted for review. The Traffic Design Group will review the preliminary plans
and provide feedback to the designer. If a meeting is necessary to discuss the design, then the Traffic
Design Group will contact the designer. This will be completed prior to the designer beginning the
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photometric analysis. If a lighting project is Type B/C, then the preliminary plans may not be necessary,
based on coordination with the Traffic Design Group.

2.E.2.b Area of lllumination

For the preliminary submission, the designer should show the proposed area of illumination for the
project as a shaded area on the plans. At this point, the required illuminance levels for the project area
can be determined. Levels of illuminance are developed for roadway lighting in Delaware, based on
AASHTO guidelines. Additional information on the process of determining lighting levels can be found in
Chapter 4.

Some projects may require different levels of illuminance be provided at different locations of the
project area based on geometric conditions. In these situations, a different color of shading should be
used for each illuminance level. Tables should also be provided on the plans that report the following
requirements for each area to be lit:

e Roadway Classification

e Area Classification

e Average Maintained llluminance

e Minimum Illuminance

e llluminance Uniformity Ratio

The Traffic Design Group will review the area of illuminance and required illuminance levels and will
provide feedback as necessary. Once the area of illuminance and required illuminance levels are
approved, the designer can then complete the lighting analysis.

2.E.2.c Lighting Design Report

A summary of the project information shall be prepared for each DelDOT roadway lighting design. The
designer is encouraged to utilize the Lighting Design Report provided in Appendix K to summarize their
project information in a standard format. This report provides the reviewer a better understanding of
the project by supplying the background information. It is also beneficial to the lighting designer to have
documentation of the design decisions and information for their project. In lieu of reporting the
calculated photometric values on the Lighting Design Report, the designer can instead output the results
directly from their photometric file.

For Type A and Type B projects, a draft of the Report should be included with the preliminary
submission. The following sections of the Report should be completed with this draft:
e General Project Information

e  Existing Lighting

e Design Values: Roadways (recommended values)

e Design Values: Intersections (recommended values)
e Proposed Lighting Equipment

Although photometric calculations are not completed before the preliminary submission, the designer
should think through potential aspects of the proposed lighting design when completing the draft
Report. At this time, the designer should consider whether the proposed lighting will be tariff/utility
owned (preferred), DelDOT owned, or a combination of both. If the lighting design will include DelDOT
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owned poles, then the designer should consider the potential power sources. After the draft Report is
submitted with the preliminary submission, the Traffic Design Group will contact the designer with any
concerns. The designer should then revise the information in the Report as necessary and complete the
remaining information for the semi-final submission. A figure displaying the photometric design should
also be included with the fully completed Lighting Design Report during the semi-final submission.

For Type C projects, the fully completed Lighting Design Report and photometric figure should be
submitted together during the semi-final submission. See section 2.E.3.a.i for more information on the
photometric figure.

2.E.3 Semi-Final Submission

As part of the semi-final submission, the designer should submit the plans and deliverables to both the
Traffic Design Group and the local Maintenance and Operations (M&O) district for review. Feedback via
email is sufficient for M&O reviews.

2.E.3.a Photometric Analysis

Once the Traffic Design Group approves the lighting levels for the project, the designer can complete the
photometric calculations. Photometric calculations should be performed for all proposed roadway
lighting designs. The photometric analysis needs to be completed at the beginning of the semi-final
design. These calculations are necessary to determine if a lighting design meets the requirements and
are typically performed by commercially-available lighting design software programs. The lighting
designer should utilize the previously prepared base plan to set up the photometric calculation file.
Refer to Chapter 4 for more detailed information on performing a lighting analysis.

Lighting fixtures that meet DelDOT’s luminaire criteria should be used to complete photometric
calculations for DelDOT owned lighting designs. See Chapter 4 for additional information on DelDOT’s
lighting fixture criteria. To find a luminaire suitable for their project, the designer may coordinate with a
lighting vendor. Typically, lighting vendors keep product information, pictures and specifications of the
various fixtures they stock on their website. The designer shall review all the information provided in
detail to ensure a fixture is selected that meets DelDOT’s criteria. For utility owned lighting designs, the
designer shall coordinate with the local utility company to determine what fixtures are currently
stocked.

Once the designer selects a fixture, they will download the fixture’s .ies file and use it to perform
photometric calculations. The designer can also contact the utility company to obtain the .ies file for
their preferred fixtures. An .ies file is a text file provided by a lighting vendor which can be uploaded into
lighting design software and represents the typical amount of light a luminaire produces. If the desired
.ies file is not available on the vendor’s website, the designer can contact the vendor directly to obtain
the file. The designer shall calculate a light loss factor for each fixture by using the vendor’s information.
The calculated light loss factor is necessary to complete photometric calculations. For additional
information on how to calculate a light loss factor, see Chapter 4.

For DelDOT owned lighting designs, determining acceptable locations for proposed light poles is one of
the most important aspects of the lighting design. There are many factors to consider when determining
light pole locations, including the base plan information, as well as geometric conditions such as slope of
the ground, and drainage issues. For additional information on the proper placement of light fixtures,
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see Chapter 4. For utility owned lighting designs, the designer must identify the locations of existing
utility poles suitable to mount lighting fixtures. For additional information on utility owned lighting
designs, see Chapter 6.

The photometric calculations and the .ies files shall be submitted to the Traffic Design Group for review
with the semi-final submission. Both the electronic version of the photometric calculations, as well as a
summary figure, should be included. Once the photometrics are complete and the designer is
comfortable with the lighting fixture and pole layout, this information should be added to the plans.

It is possible that aspects of the design could change in following phases. The lighting analysis shall be
updated as necessary to verify that the light locations work with the current version of the project. For
design updates that require minor relocations of a lighting pole, engineering judgement must be used to
determine if the photometric files need to be recalculated and resubmitted to DelDOT for review. In
general, if a light pole is being relocated within a five-foot radius of its previous location, then a new
photometric analysis should not be needed.

2.E.3.a.i Photometric Figure

A photometric figure shall be developed and included as part of the information for the Lighting Design
Report. This figure will provide an overview of the final photometric calculations for the project.
Information that should be provided on the figure include:
e Base Plan
e Final Geometric Conditions
e Final Striping Layout
e  Final Utilities
e Proposed Pole Locations
e Areas of llluminance
e Photometric Calculation Results Reported for all llluminance Areas, including:
o Average Maintained llluminance
o Minimum Illuminance
o llluminance Uniformity Ratio

For Type A and Type B projects, this figure should be added to the fully completed Lighting Design
Report after the photometric calculations are performed and included with the Semi-Final submission.
For Type C projects, this figure should be submitted with the fully completed Lighting Design Report
during Semi-Final.

A sample Lighting Design Report Figure is provided with this Policy, and can be found in Appendix L.
2.E.3.b Semi-Final Design Plans

The development of the semi-final lighting plans is when most of the design elements are added to the

plan set. If the lighting plans were originally developed as part of the preliminary submission, then the

shaded area of illumination can be removed for the semi-final plans. If the designer received comments

from the preliminary submission, those comments should be addressed as part of the semi-final lighting
design. The semi-final plans should include as much information for the lighting design as the designer is
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able to provide. It is possible that some elements of the design might not be able to be completed until
a later submission, but the designer should make every effort to provide a thorough design.

Information that needs to be shown on the semi-final design plans includes equipment locations, which
is achieved by adding graphical symbols to the plans. Detailed equipment information should be
included, which is reported in schedules on the plan sheets. Project specific notes should be included for
installations that might require more detailed descriptions.

Proposed equipment that needs to be shown on the semi-final design plans includes:
e Luminaire Locations
e Pole Locations
e Conduit and Junction Well Locations (DelDOT owned lighting projects only)
e (Cabinet Locations (DelDOT owned lighting projects only)
e Power Feed Locations (DelDOT owned lighting projects only)
e Service Meter Disconnect Locations (DelDOT owned lighting projects only)
e Transformer Locations (DelDOT owned lighting projects only)
e Equipment to be Removed or Salvaged

Information to be reported in schedules on the semi-final design plans includes:
e Lighting Standard Schedule
Pole Number and Location
Pole Height and Type
Arm Length
Luminaire Information
Pole Base Type (DelDOT owned lighting projects only)
Circuit Number (DelDOT owned lighting projects only)
Latitude and Longitude Coordinates of Pole (DelDOT owned lighting projects only)
e Lighting Service Schedule (DelDOT owned lighting projects only)
Conduit Run Number
Number and Type of Conduits
Conduit Size
Conduit Length
Method of Conduit Installation (Boring, Trench, Open-Cut)
Amount and Size of Cable/Wire
e Power Source Schedule (DelDOT owned lighting projects only)
Power Provider

O O O O O O O

o O 0O O O O

Location of Power Source

Type of Power Source

Voltage

Location of Cabinet

Size of Cabinet

Power source display map where appropriate

O O 0O O O O

For additional information on the different elements of lighting design, see Chapter 5.
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2.E.3.c Utility Coordination

Coordination with the local utility company should be completed as early in the design phase as
possible. This coordination is needed to determine potential power source options, to relocate existing
power sources, as well as to verify whether it is feasible to mount lighting fixtures on utility poles
(DelDOT’s preferred option for roadway lighting), or to confirm whether utility clearances are
acceptable. Coordination with the utility company should also help the designer determine the optimal
location and size of the lighting cabinet. Information on what needs to be shared with the utility
company, as well as an overview of the coordination process, can be found in Chapter 6.

2.E.3.d Conduit Design and Fill Calculations

After the locations of the lighting equipment are determined, the designer can lay out the conduit
design. The conduit will hold the power cables that run from the power source, to the cabinet, and then
out to the poles. Conduit is typically installed in straight pathways, so junction wells should be utilized
when the conduit system needs to change direction. For more information on conduit and junction wells
for lighting designs, see Chapter 5.

The National Electric Code (NEC) sets limits on the cross-sectional area of a conduit that can be filled by
cables. Conduit fill calculations shall be performed for every lighting design that includes the installation
of conduit to determine the size of the conduit used to house the cables. For more information on
conduit fill calculations see Chapter 5.

2.E.3.e Voltage Drop Calculations

Determining the correct size wiring to power the lighting equipment is another step in the design
process. Making sure that the wiring is sized to support the lighting system is extremely important. If not
done according to the NEC standards, then the lighting system may operate improperly due to voltage
drop issues and could be extremely hazardous to anyone coming in contact with the system. The size of
the wiring is determined by performing voltage drop calculations and meeting the minimum wire sizing
mentioned in Chapter 5. Voltage drop calculations shall be performed for every lighting design that
includes the installation of cable to ensure that the design conforms to the NEC standards. For more
information on performing voltage drop calculations see Chapter 5.

2.E.3.f Circuit Diagrams

The designer shall provide the wiring layout for the lighting design. The designer should complete
diagrams that display the circuit layout of the lighting equipment. Circuit diagrams are completed to
clearly display the intended cable layout from the design plans. These diagrams help document the
cable layout used for the voltage drop calculations, which determines the wiring sizes. They also assist
the contractor in building a system that is appropriately sized for the design equipment. For more simple
lighting projects, a circuit diagram might not be necessary. In these situations, a panel schedule could be
provided in lieu of developing an entire circuit diagram. Examples of circuit diagrams and panel
schedules are included in Appendix M.
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2.E.3.g Details and General Notes

The DelDOT Standard Construction Details include details for some traffic and lighting equipment. If a
piece of lighting equipment does not have a standard detail, but the designer feels that a detail is
necessary to provide clear information to the contractor, then a detail should be developed and
included with the plan set for additional clarification. All details shall follow the DelDOT Standard
Specifications. Sample non-standard details for common lighting equipment can be found in Appendix
N. The designer is responsible to review any details before using them in their design.

The designer shall include project specific notes on the plans as necessary to assist the contractor with
constructing the lighting system. Common project specific notes for lighting designs include information
on power source work, equipment to be removed, the maintenance and construction of the project,
charging information for equipment or construction methods, or information on aspects of non-typical
lighting designs.

2.E.3.h Cost Estimate

The designer shall generate a cost estimate for lighting work. Cost estimates should report the total
estimated cost of work related to lighting and include a quantity breakdown of all items to be furnished
and installed by the contractor and/or DelDOT forces to make sure the lighting system is fully
operational. All items should be reported with their unit of measurement and their unit cost. DelDOT
specifications shall be followed to determine quantities. The estimate should also include costs for
Maintenance of Traffic, and relevant earthwork. The lighting designer shall verify accurate unit costs and
a contingency reflective of current practices are used.

If the design includes luminaires installed on utility poles, the designer should request a cost estimate
from the utility company for the construction costs associated with the utility pole-mounted luminaires.
This should be completed prior to project handoff.

At the beginning of the project, it should be defined by DelDOT Traffic whether the construction of the
project will be handled by a General Contractor (Project Type A) or by one of the Traffic Section’s on-call
Contractors (Project Type B or Type C). Lighting costs for Type A projects are included in the overall
general bid of the project. For Type B or Type C projects, all quantities related to the lighting work,
maintenance of traffic, or other supporting work, should be included in DelDOT’s Traffic Project
Spreadsheet (i.e. cost estimate). An example of lighting costs totaled in DelDOT’s Traffic Project
Spreadsheet is provided in Appendix O.

Depending on the project type, the cost estimate may need to be separated into different material lists:

Project Type A

Project Contractor Material List — Includes items to be furnished, installed and removed by the general
Project Contractor. The designer shall prepare a list of the lighting quantities using the latest DelDOT
Traffic Project Spreadsheet.

Project TypesB / C

Traffic Open-End Contract Material List - Includes items to be furnished, installed and removed through
the Traffic Section Open-End Construction Contract, or other Traffic Section forces. The designer shall
prepare a cost estimate using the latest DelDOT Traffic Project Spreadsheet.
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Project Type D

For these lighting projects, DelDOT would not have any involvement or responsibilities for any costs
because these projects are designed and paid for by agencies outside of the department. Outside
agencies would be responsible for any electrical service application and any associated costs as well.

2.E.3.i Technical Memorandums

The designer should make every effort to complete their lighting design to the standards established in
this Policy. The Department recognizes that situations may arise that prevent the lighting design from
meeting every requirement. In these situations, the designer will complete a Technical Memorandum to
document a design that differs from the Department’s standard. The Technical Memorandum should be
completed and shared with the Traffic Design Group for review and comments when the designer
realizes the need for the design change. Technical Memorandums shall be submitted prior to the PS&E
submission for capital projects. A sample of a Lighting Technical Memorandum has been provided in
Appendix P.

2.E.4 Final (PS&E) Submission

Depending on the Project Type, there could be both a Final Submission as well as a PS&E (Plans,
Specifications, and Estimates) submission. If a Final Submission is included in the project scope, then this
provides the designer an opportunity to address any comments received during the semi-final plan
review and resubmit the lighting documents to the Traffic Design Group and the appropriate
maintenance district for an additional round of reviews prior to completing the project design. When
the lighting design is turned in for the PS&E submission, all comments that were received during
previous review processes should have been addressed.

2.E.4.a Final (PS&E) Design Plans

Once the Traffic Design Group and the appropriate maintenance district have given the final approval of
the lighting plans and project deliverables, the designer is responsible to obtain the necessary
signatures. Depending on the project, signatures from different parties might be necessary.

Project Type A
The title sheet signatures shall suffice as the appropriate approval for the project, so no separate

signatures are required. However, if the different sections of the project are designed by different
entities who have individual responsibilities, then one set of the final lighting plans shall be signed by the
appropriate Engineers.

Project Types B/ C

For Traffic Lead or Traffic Support lighting projects, one set of the final lighting plans shall be signed by
the appropriate Engineers. For projects that include a Title Sheet, the Designer shall sign and seal the
Title Sheet, and then share the plans with the Chief of Traffic Engineering or designee for final approval
and signature. For projects that do not include a Title Sheet, the Designer shall sign and seal the plan
sheet, and then share the plans with the Chief of Traffic Engineering or designee for final approval
and/or signature.

The signed version of the plans should be included with the PS&E deliverables. For examples of different
types of lighting plans, see Appendix G through Appendix J.
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2.E.4.b Specifications

Standard specifications have been adopted by DelDOT. Special provisions are required if a non-standard
item is included in a project. Non-standard items should be avoided whenever possible.

2.E.4.c Project Handoff

Once the plans are signed and approved, the lighting designer shall submit the handoff package to Signal
Construction, as well as any other groups involved with construction of the project. The handoff process
is only required for Type B and Type C (Traffic Lead) projects. For Type A (Capital) projects, the PS&E
submission is sufficient. Type D projects do not require any kind of handoff process. For developers’
projects, the lighting plans should be a part of the entrance plans.

Iltems to be included in a handoff package and submitted to the Signal Construction Group:
e Traffic Systems Design Handoff Form
e Copy of the approved plan(s)
e Cost Estimate
e Funding Approval
e Environmental Clearance (only if project is Federally funded)
e Work Hour Restrictions Checklist
e Draft Press Release
e Special Provisions (as necessary)
e Concurrence Form (as necessary)

Items to be submitted to Design to be saved in the project records:
Lighting Design Report and Photometric Analysis Figure
Voltage Drop Calculations

Condauit Fill Calculations
Project Specific Documents

Signal Construction will place the project on the construction schedule. For projects with a General
Contractor, the Field Operations Manager will be responsible to place the project on the construction
schedule, and to coordinate that information with the inspection staff. Once the project is on the
schedule, orders should be placed for any equipment that needs to be manufactured in advance.

A draft press release shall be provided as part of the handoff package to the Signal Construction Group.
However, as the process is subject to change the designer should coordinate with Traffic Design Group
for any additional information. During the construction phase, the Signal Construction Group should
keep Community Relations informed of all lane closures, operational changes, and new activations.

2.E.4.c.i Handoff Form
A handoff form will need to be completed by the designer and submitted to the Signal Construction
Group. For Type B / C projects (Traffic Lead Projects), the Signal Construction Group controls the

schedule. The Handoff Form should designate the priority of the project as “ASAP,” “High,” or “Normal”,
as appropriate. The anticipated start date should be noted on the handoff form. A copy of the handoff
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form is provided in Appendix Q. A handoff form is not necessary for Type A projects, as all lighting
equipment will be installed by the Project Contractor, who will follow the overall project’s schedule. A
handoff form is also not needed for Type D projects.

2.E.A.c.ii Concurrence Form

For Type B/C projects, a concurrence form should be completed by the designer and submitted with the
final plan for approval. The designer needs to have information on the Right-of-Way impacts to the
project, environmental clearance, utility coordination information, and railroad coordination
information to complete the form. A copy of the concurrence form is provided in Appendix R.

2.E.A.c.iii Environmental Clearance

The Traffic Design Group will need to obtain environmental clearance for Federally Funded projects
prior to handoff to Construction. Information that the designer needs to provide when submitting for
environmental clearance includes: project number, general project location with aerial view of the site,
justification of the project, and a description of the work proposed outside the Right-of-Way. The Traffic
Design Group will include this information in an email to DelDOT’s Environmental Stewardship group for
approval. Once the Traffic Design Group receives approval, a copy of the email should be submitted with
the Handoff Package as proof of environmental clearance. An example of the environmental clearance
coordination can be found in Appendix S.

2.E.4.c.iv. Work Hour Restrictions Checklist

The designer will need to complete a Work Hour Restrictions Checklist to be included with the Handoff
Package. There are two checklists that a designer could use, one for Open-Ended Contracts and one for
all other contracts. The completed Checklist must be submitted to Safety, along with a copy of the
completed plans, for approval. Once Safety approves the Checklist, the designer will then share it with
Community Relations for signature. Once all signatures are obtained, the Checklist will be submitted as
part of the Handoff Package to Construction. Copies of the Work Hour Restriction Checklists are
provided in Appendix T.

2.E.4.c.v Funding Approval
For types B/C projects, it is the designer’s responsibility to coordinate with the Traffic Design Group
regarding funding approval for the project. The designer shall provide cost estimates, and additional
information as necessary, to the Traffic Design Group in order to obtain funding approval. Once funding
has been granted, the Traffic Design Group will include any formal approval paperwork as part of the
Handoff Package.

2.F Construction and Implementation

Depending on the type of project, certain steps must be taken to handle the construction and
implementation of the design.
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Project Type A
The project documents shall be kept on file by the DelDOT Traffic Section. The Designer should share a

copy of the approved lighting plans (PS&E plans) with the local M&O District. Utility coordination for this
type of project is handled per guidance in DGM 1-27.

Project TypesB / C

The project documents shall be kept on file by the DelDOT Traffic Section. The local M&O District will
receive copies of the final lighting deliverables during the handoff process. Utility coordination for this
type of project is handled by the Traffic Design Group.

For Type B/C Projects, once the handoff form is provided and funding is verified, the Signal Construction
Group will issue a Notice to Proceed to the selected Contractor to begin work on the project. The
Contractor is responsible for coordinating all assigned construction activities with any other
administered projects.

Project Type D
For lighting designs developed outside of the Department, all coordination regarding construction or

implementation shall be handled by the designing entity.

If a design includes luminaires on utility poles, the Traffic Design Group shall provide a copy of the
signed plans to the local utility company along with a Notice to Proceed. DelDOT’s Contractor is
responsible for notifying MISS UTILITY prior to beginning any construction. The Signal Construction
Group will notify the Power Company at least 30 days in advance of a "turn-on" date.

The contractor should share shop drawings for any lighting equipment with the designer and
maintenance districts for review and approval prior to purchasing anything. Once the designer and the
local maintenance district have reviewed the shop drawings and deemed them acceptable, approval
shall be granted to the contractor to purchase the lighting equipment.

All lighting designs that will eventually be owned and maintained by DelDOT must be inspected and
approved by the maintenance district and a certified electrician prior to construction completion.

As completion of the project approaches, the construction manager should notify DelDOT Public
Relations that new equipment will be activated, and to provide a “turn-on” date. The master electrician,
or representative, of the local M&O District should attend the field activation. Representatives from the
Traffic Design Group and the Signal Construction Group should also attend. Following activation, the
project documents and the ‘as-built’ plans are handed off to the local M&O District and the project is
accepted.

2.G As-Built Plans

If any design changes are necessary during construction, the contractor will work with the lighting
designer and/or inspector to find an acceptable solution. It is expected that any significant changes
during construction of the project will be handled via formal revisions, in coordination with the designer.
At the end of construction, the contractor and inspector are responsible to document any additional
changes to the project as part of an ‘as-built’ plan. The ‘as-built’ plan should be a record of the final
location and operations of the lighting equipment, including any changes to the circuit diagram. The
inspector is responsible to share this ‘as-built’ plan with the designer. The designer shall submit a copy
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of the ‘as-built’ plans to the Traffic Design Group representative, the Archive Specialist in DelDOT'’s
Quality Section for archiving, DelDOT’s North District Maintenance for inclusion into the DelDOT Road
Lights Database, and to the local M&O district that will be responsible for the maintenance of the
lighting equipment. M&O shall keep these final ‘as-built’ plans for maintenance purposes and should
also store a copy in the lighting control cabinet.
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Chapter 3 LIGHTING WARRANTS

Roadway lighting warrants are established to provide a standard methodology for approving and
installing lighting for state-owned roadways throughout Delaware.

Roadway lighting should be considered for new construction, reconstruction, or other projects that
include any one of the following characteristics:

e Proposed roadway or alignment

e Proposed widening

e Modified intersection configuration

o Modified lane configuration or extended lane length
e Traffic study concludes that lighting is warranted

It should be noted that DelDOT will not install or maintain lighting systems for any application other
than roadway lighting on state-maintained roadways, or entrances to subdivisions unless justified.

3.A Lighting Warrant Guidelines

This section describes the roadway lighting warrant evaluation process. Evaluating the need for lighting
is a multi-step process. The warrants do not automatically represent a requirement to provide lighting.
In all cases, the installation of lighting or the continuation of existing lighting depends upon certain
constraints, including the availability of authorized funds for this purpose, project scheduling and
priorities, environmental factors, Right of Way limits, and others. These limitations shall prevail. For CTP
projects, if conceptual design layouts are available, they should be provided as part of the warrant
evaluation to ensure a mixture of dark and light conditions are not implemented. If a mixture of dark
and light conditions are unavoidable, alternatives roadway improvements may be required instead of
lighting.

In addition to the constraints above, Delaware State Code requires a stepwise process be followed
before roadway lighting is installed. Title 7, Chapter 71A of the Delaware Code states “An outdoor
lighting fixture may be designed, installed, or replaced only if..the purpose of the outdoor lighting
fixture cannot be achieved by the installation of reflective road markers, lines, warning or information
signs, or other effective passive methods.” As such, even if lighting is found to be warranted based on
guidance presented in subsequent Sections of this policy, lighting shall not be provided if alternative
roadway and safety improvements are identified that can satisfy the purpose for lighting. Instead, these
alternative improvements should be implemented and their effectiveness to satisfy the need for
roadway lighting should be evaluated before roadway lighting is installed.

For example, if roadway lighting is found to be warranted at a horizontal curve, alternative
improvements which can satisfy the purpose for lighting must be investigated. Implementing curve
warning signage, chevrons, lane markings, or raised pavement markings (RPMs) could satisfy the
purpose for lighting at this location. Therefore, lighting would not be installed. Once these devices have
been installed, their effectiveness for satisfying the purpose for lighting can be reevaluated to determine
if additional alternative improvements to lighting should be installed. If no alternative improvements
exist, then lighting can be installed.
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The warrant evaluation process for roadway lighting is illustrated in the flow chart in Appendix U.
3.A.1 Completing Form A

From the flow chart in Appendix U, select facilities require the completion of ‘Form A’. A copy of ‘Form
A’ can be found in Appendix V. ‘Form A’ evaluations can be completed at standalone intersection
locations or along roadway segments in between intersections. CTP projects should utilize ‘Form A’ to
evaluate both conditions whenever applicable. The form evaluates the need for lighting based on
multiple parameters.

The data required to complete ‘Form A’ includes:
e Functional Classification of Roadway(s) based on DelDOT Functional Classification Maps
(available on DelDOT’s website)
e Most Recent Year AADT of Roadway(s)
e Speed Limit of Roadway(s)
e Stopping Sight Distance (SSD) on all approaches to the intersection or uncontrolled crossing and
along the roadway segment
e Presence of a marked pedestrian crossing on the major roadway
e Presence of existing overhead roadway lighting on any Delaware-maintained roadway approach
e Forintersections only, presence of any of the following:
o Signalization
Mini-roundabout (see Section 3.A.2.a.iii for definition)
Left turn bays, bypass lanes, and/or right turn lanes
Lane drop [i.e. reduction/merge]
Medians 6 feet or greater in width

O O O O

Based on the available data, ‘Form A’ will assign a value for each evaluated facility.

The warranting conditions are as follows based on the assigned score:
e Ascore of 19 or higher should warrant lighting.
e Ascore of less than 10, lighting shouldn’t be considered. However, on special situations DelDOT
Traffic may request additional studies.
e A score of 10-18 should result in further studies being performed. Steps to be taken for further
studies are detailed in Section 3.A.1.a.

Meeting the warranting condition with a score of 19 or higher does not represent an automatic
requirement by the Department to provide lighting, but indicates that lighting may be considered.
Additionally, as mentioned in Section 3.A and Title 7, Chapter 71A of the Delaware Code, a stepwise
process should be followed which investigates alternative roadway improvements which can satisfy the
purpose of lighting.

3.A.1.a Performing Further Studies as part of Form A (Score of 10-18)

If a facility is assigned a score between 10-18 by ‘Form A’, further studies should be performed in
coordination with DelDOT Traffic sections. Further studies should include, but are not limited to:
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e Crash evaluations at the study location using at least 3 years of historical crash data.

e Comparison of nighttime crashes to overall crashes within the study area.

e Evaluating existing field devices and determining if additional devices could be implemented to
improve operations and safety prior to the pursuit of roadway lighting.

e Consideration of additional roadway features not captured by “Form A”.

e If available, review of historical studies at the facility as well as current or future improvement
projects.

e Collecting detailed vehicular, bicycle, and pedestrian data.

Once further studies have been reviewed by DelDOT Traffic sections, DelDOT Traffic can determine if
lighting is warranted at the facility. Documentation of the lighting study or determination, as well as a
description/sketch of the area that will require lighting should be submitted to DelDOT’s Traffic section
for review/consideration. If any alternative improvements to roadway lighting are found, they should be
implemented, and lighting should not be installed.

3.A.2 Facilities Evaluation

The following section discusses the lighting warrant process for different roadway facilities as illustrated
by the flowchart in Appendix U.

3.A.2.a Non-Access Controlled Facilities
3.A.2.a.i Intersections, Uncontrolled Pedestrian Crossings, and Roadway Segments

The warrant evaluation process for intersections (including signalized, unsignalized, high-intensity
activated crosswalk beacons [HAWKs]), and uncontrolled crossings (including rectangular rapid flashing
beacons [RRFBs]) on non-access-controlled roadways as well as roadway segments requires the
completion of ‘Form A’. A copy of ‘Form A’ can be found in Appendix V. See Section 3.A.1 for
information regarding the application of ‘Form A’. Any corridor based CTP projects should evaluate
lighting warrants for standalone intersections as well as roadway segments in between intersections.

3.A.2.a.ii Facilities with Existing Overhead Roadway Lighting

Locations that have existing lighting require the completion of a warranting evaluation form, referred to
as ‘Form A’. A copy of the ‘Form A’ can be found in Appendix V. See Section 3.A.1 for information
regarding the application of ‘Form A’. Existing private and sub-division entrances are not part of this
requirement.

3.A.2.a.iii Roundabouts

All standard sized roundabouts with an inscribed diameter of 90 feet or greater, except those located
wholly within commercial/residential developments or subdivisions, shall be illuminated. This includes
roundabouts on external roadways that serve as development entrances. See Chapter 4 for additional
information on roundabout lighting design criteria. In addition, see DelDOT’s DGM on roundabouts for
additional information regarding design guidance for roundabouts.
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All mini-roundabouts with an inscribed diameter of less than 90 feet, except those located wholly within
commercial/residential developments or subdivisions, require the completion of the ‘Form A’. A copy of
‘Form A’ can be found in Appendix V. See Section 3.A.1 for information regarding the application of
‘Form A’.

3.A.2.a.iv Other Areas

There could be other locations on non-access controlled roadways that have not been captured by the
Lighting Warrants Flow Chart (in Appendix U) or Form A (in Appendix V), but where a combination of
favorable factors exist and Engineering Judgement indicates that lighting would be useful. For these
locations, an engineering study should be completed justifying the need for lighting. The engineering
study should be performed/overseen by a registered professional engineer, and at a minimum include a
justification of why lighting would be beneficial, a site visit assessment, and an evaluation of the site’s
crash history. The engineer should prepare a memo detailing the site conditions and supporting
information for the recommendation to light the location. The memo should be submitted to DelDOT
Traffic for review and potential approval.

3.A.2.b Controlled-Access Facilities
Roadway lighting is warranted on controlled-access roadways at the following locations:
e Junctions of Mainline Routes
e Ramp Terminals on the mainline and crossroads

3.A.2.c Other Special Areas

Lighting is warranted at the state-maintained access points to Toll Plazas, Service Plazas, Rest Areas and
Weigh Stations.

3.A.2.d Maintenance Projects

Typically, roadway lighting is not required to be considered for maintenance projects. If existing lighting
is impacted during construction, it must be replaced in kind.
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Chapter 4 LIGHTING REQUIREMENTS AND ANALYSIS

This chapter provides information on performing lighting photometric calculations. These calculations
are necessary to determine if a lighting design meets set requirements.

4.A Area to be llluminated

Once lighting is warranted, it is necessary to define the area of roadway that should be illuminated. The
area of illumination will be different for every project, and will depend on multiple factors, including the
nature of the roadway, intersection, or surrounding area. General guidance on common roadway
conditions are provided to help the designer more clearly define the area of illuminance for their own
project.

For typical example figures showing area of illumination requirements for different roadway conditions,
see Appendix W.

4.A.1 Intersections

Lighting designs at intersections can generally be classified as simple intersection designs or complex
intersection designs. Simple intersections are the default intersection lighting treatment classification.

Complex intersections typically have the following characteristics:
e Channelized turn lanes
e Separate turn lanes (right and/or left)
e Four or more total lanes in a single direction (including through and turn lanes)

An intersection may also be classified as complex by the Chief of Traffic Engineering or designee based
on other considerations, which could include the following:

o Nighttime crash rates

e Skew and/or curve of the intersection

e Vehicle speeds

e large pedestrian presence

e Lane drop or other atypical geometry

4.A.1.a Simple Intersections
The area within all stop bars shall be the area of illumination for a simple intersection. This area shall
include all crosswalks at the intersection. If a stop bar is not present on an approach, the area of
illumination should extend up to the end of the corner radius.
See Figure 1 in Appendix W for a typical example of the area of illumination for a simple intersection.

4.A.1.b Complex Intersections

The illumination area previously described under simple intersections will also be required for complex
intersections.
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Illumination should also be provided for the following features at complex intersections:
e Full storage length of all turn lanes
e Full storage length and taper of all acceleration lanes
e Approach lanes, up to the end of the storage of the longest turn lane (turn lanes present)
e Approach lanes, up to the end of the corner radii (without turn lanes)
e Departure lanes, up to the end of the taper (acceleration lanes present)
e Departure lanes, up to the end of the corner radii (without acceleration lanes)
e All crosswalks at the intersection
e Other conflict points (vehicle or pedestrian), as determined by the intersection geometry.

See Figure 2 in Appendix W for a typical example of the area of illumination for a complex intersection.
4.A.2 Roundabouts

The area of illumination at a roundabout should include the limits of the circular intersection area and
the area of the roadway up to and including the crosswalks immediately adjacent to the roundabout and
raised splitter islands. All conflict points should be illuminated.

The lighting should also be extended a minimum of 400 ft from the center of the roundabout along each
road connecting to the roundabout. Light levels on these areas should meet the values shown in Table 7
in Section 4.B.3 or otherwise required. lllumination is not required for the center island or the truck
apron unless engineering judgement dictates otherwise. See Figures 3A and 3B in Appendix W for
typical examples of the area of illumination for a roundabout.

4.A.3 Interchanges

The lighting designer may elect to have a pre-design meeting with the Traffic Design Group prior to
performing a lighting design for an interchange.

Lighting designs at interchanges can generally be classified as partial interchange designs, or full
interchange designs. Partial interchange designs are the preferred lighting treatment.

4.A.3.a Partial Interchange Lighting

Partial interchange lighting covers only the critical points of an interchange, which include areas where
potential conflicts or hazards are present.

Partial interchange lighting designs typically include light for the following locations:
e Nose of gore
e Weaving areas
e Ramp terminals
e Full storage length of all deceleration lanes, and adjacent mainline lanes
e Full storage length and taper of all acceleration lanes, and adjacent mainline lanes
e Conflict and/or decision points

At off-ramp terminal locations, the illumination area for both the deceleration lane and the adjacent
mainline lane should begin where the deceleration lane reaches its full width. This illuminance area will
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continue up to the physical gore. The illuminance area will extend an additional 200’ past the physical
gore point for both the mainline lane and the ramp. Off-ramps on curved roadways should have
extended lighting along the mainline, in accordance with engineering judgment.

At on-ramp terminal locations, the illumination area for both the acceleration lane and the adjacent
mainline lane should begin 200’ prior to the physical gore point. The illuminance area will continue up to
the physical gore and will then include the full length of both the acceleration lane and the taper.

All crossroad ramp terminals should have intersection lighting. Lighting levels on the crossroad
approaches should not be reduced through the interchange.

When ramps share common weaving areas, such as cloverleaf interchanges, the weaving area will be lit.

If illuminance areas are present at the terminals of the same ramp and they are 500’ apart or less, then
continuous lighting will also be provided along the ramp.

4.A.3.b Full Interchange Lighting

Full interchange lighting is the lighting of the entire interchange, including all areas previously listed in
partial interchange lighting, as well as the lengths of all ramps.

See Figures 4 and 5 in Appendix W for typical examples of the area of illumination for interchange
lighting.

4.A.4 Roadway Segments

The areas of illumination previously described were for specific geometric roadway conditions (i.e.
intersections, interchange features, etc.). When two separate lighting areas are located close to each
other, it can be beneficial to also light the area between them. For the purposes of this Policy, the area
between two established areas of illumination will be referred to as a ‘segment’. Lighting this ‘segment’
would provide continuous roadway lighting for the original areas of illumination and the ‘segment’.
Providing continuous lighting results in less strain on the driver’s eyes, as they will not need to adjust
from a lit roadway, to a dark roadway, and back to a lit roadway within a short distance. The designer
should use the knowledge of their project to determine when segment lighting could be beneficial. A
summary of the suggested segment distances between two areas of lighting are provided in Table 5
below:

Table 5 - lllumination of Roadway Segments

Distance Between Area Limits | Distance Between Multiple Systems
(Combine into Continuous (Combine into Continuous
Lighting Section) Lighting Section)
Simple Intersections 300’ 1,000’
Complex Intersections 400’ 1,000’
Non-Access Controlled

4 7 1 7

Highway (at Interchange) 00 500

Inte.rstate / Controlled Access 500’ 2 500"
Highway (at Interchange)

Roundabouts 500’ 1,000’

See Figures 6, 7 and 9 in Appendix W for typical examples of area of illumination for roadway segments.
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Once the designer determines the area of illumination for their project and the required light levels,
they will then proceed with the lighting analysis. A lighting analysis is necessary for all new roadway
lighting designs, as well as any designs that include significant reconstruction. If existing lighting fixtures
on existing poles will be replaced, then these fixtures should be included as part of the lighting analysis.
For projects where existing lighting poles will not be relocated and existing fixtures will not be replaced,
a lighting analysis is not required.

Performing a lighting analysis consists of determining the optimum layout of lighting fixtures by running
photometric calculations. These calculations are necessary to determine if a proposed lighting design
meets DelDOT’s requirements. Photometric calculations can be performed by using commercially-
available computer software programs. DelDOT recognizes that the designer has options on which
software they can use when performing their designs, but the most common lighting design software
used by the Department is Visual.

The information below provides a detailed explanation of the steps involved in performing a lighting
analysis.

4.B Level of llluminance

The illuminance method will be the recognized method of analysis for typical DelDOT lighting designs.
This method considers the amount of light produced from luminaires that strikes a surface. A lighting
designer is able to program the lighting design software to consider the light produced by the inputted
luminaires at the same time. The software can then calculate the amount of light that falls at any point
specified by the designer. The individual calculated point values can then be grouped to produce
summarized calculated values for general statistical areas.

DelDOT has developed pre-determined illuminance values that lighting designs must reach to meet state
standards. These illuminance levels are categorized first by classification of the roadway (or pedestrian
facility, as applicable) and are then further categorized by the classification of the general land use
surrounding the project. To determine the recommended lighting levels for their project, the designer
will need to first identify the classification of each roadway (or pedestrian facility) that requires lighting
within the project limits, as well as general land use classifications for the properties that surround any
areas to be lit. Additional information on how to properly determine the target illuminance values for a
project are described in the sections below.

4.B.1 Roadway Classification
Once the lighting designer determines that lighting is warranted on a roadway, they then need to first

determine the Functional Classification of the roadway to establish the illuminance values for their
project.
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All roads in Delaware are assigned a Functional Classification. These classifications are as follows:
e Principal Arterials:
o Interstate
o Other Expressway & Freeway
e  Other Principal Arterial
e  Minor Arterial
e Collectors:
o Major Collector
o Minor Collector
e Local

Roadway classifications used in Table 7 in Section 4.B.3 shall be based on the DelDOT Functional
Classification Map, which is available on the DelDOT website.

Additional facilities are listed in the table that would not require the use of the Functional Classification
Map. These facilities include Alleys, Sidewalks, and Pedestrian/Bicycle Ways. These facilities can be
identified without the use of a Map.

4.B.2 Area Classification

Another important factor that helps a designer establish target illuminance values for their design is the
classification of the properties surrounding their project. For the purposes of roadway lighting, there are
three options for classifying the general land use adjacent to a project — Commercial, Intermediate, or
Residential. General definitions of these land uses can be found below, and are based on information in
the AASHTO Roadway Lighting Design Guide. Table 6 can be used as general guidance when determining
the land use classification at an intersection. Once the land use for the lighting project has been
determined, it shall be applied to Table 7 in Section 4.B.3.

Table 6 — Area Classification Support at Intersections

Intersection Information Overall Land Use Classification for Intersection
e All corners/legs of intersection: businesses Commercial
e 3 corners/legs of intersection: business
e 1 corner/leg: residential
e 2 corners/legs of intersection: businesses
e 2 corners/legs: residential
e 3 corners/legs of intersection: residential
e 1 corner/leg: business
e All corners/legs of intersection: residential Residential

Commercial or Intermediate

Intermediate

Intermediate or Residential

4.B.2.a Commercial

That portion of a municipality in a business development where ordinarily there are large numbers of
pedestrians and a heavy demand for parking space during periods of peak traffic or a sustained high
pedestrian volume and a continuously heavy demand for off-street parking space during business hours.
This definition applies to densely developed business areas outside of, as well as those that are within,
the central part of a municipality. Projects located in Urban areas should also utilize commercial target
values, unless engineering judgement dictates otherwise.
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4.B.2.b Intermediate

That portion of a municipality which is outside of a downtown area but generally within the zone of
influence of a business or industrial development, often characterized by moderately heavy nighttime
pedestrian traffic and a somewhat lower parking turnover than is found in a commercial area. This
definition includes densely developed apartment areas, hospitals, public libraries, and neighborhood
recreational centers.

Projects located in Sub-Urban areas should also utilize intermediate target values, unless engineering
judgement dictates otherwise.

4.B.2.c Residential
A residential development, or a mixture of residential and commercial establishments, characterized by
a few pedestrians and a low parking demand or turnover at night. This definition includes areas with
single family homes, townhouses, and/or small apartments. Regional parks, cemeteries, and vacant

lands are also included.

Projects located in Rural areas should also utilize residential target values, unless engineering judgement
dictates otherwise.

4.B.3 Recommended Lighting Levels

A summary of the recommended light levels is shown in Table 7, which has been adapted from the
AASHTO Roadway Lighting Design Guide, Seventh Edition.
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Table 7: llluminance Design Values

Roadway and Walkway
Classification

Off-Roadway Light
Sources

Illuminance Method

Average Maintained
Illuminance

Minimum
llluminance

Illuminance
Uniformity Ratio

General Land Use

foot-candles (min)

(foot-candles)

avg/min (max)

Principal Arterials — Commercial 0.6 0.2 4:1
Interstates, Other Intermediate 0.6 0.2 4:1
Expressways/Freeways Residential 0.6 0.2 4:1
Other Principal Arterials Commercial 16 4:1
(Partial, or no control of Intermediate 1.2 4:1
access) Residential 0.8 4:1
Commercial 1.4 4:1

Minor Arterials Intermediate 1.0 4:1
Residential 0.7 4:1

Commercial 1.1 " 4:1

(Both I\(/ZIZ;Erc;cr:rds Minor) Intermediate 0.8 é 4:1
Residential 0.6 ke 4:1

Commercial 0.8 § 6:1

Local Intermediate 0.7 = 6:1
Residential 0.4 E 6:1

Commercial 0.6 § 6:1

Alleys Intermediate 0.4 < 6:1
Residential 0.3 6:1

Commercial 13 31

Sidewalks Intermediate 0.8 4:1
Residential 0.4 6:1

Pedestrian Ways and All ) 31

Bicycle Ways!

Intersections/Roundabouts

Lit to the strictest lighting requirements of the individual roadways.

Notes:
Pedestrian Way and Bicycle Ways facilities are assumed to be separated from the roadway. For situations where
Pedestrian Ways and Bicycle Ways are adjacent to roadway, use roadway design values.
Higher levels of llluminance may be justified depending on the project requirements.
Table adapted from AASHTO Roadway Lighting Design Guide, Seventh Edition.
Illuminance values shown are equal to values for R2-R3 surface materials requirements as defined by AASHTO.
The values shown in Table 7 shall be used for all lighting designs unless otherwise directed by DelDOT Traffic.

1.

v wN

It should be noted that for lighting at intersections of roadways, additional considerations will be
necessary to determine the required lighting levels. Additional information on lighting at intersections
has been provided in the following section.
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4.B.3.a Intersections

When lighting is warranted at an intersection, the limits of the intersection should be lit to the highest
recommended lighting level of the individual roadways.

4.B.3.b Roundabouts

Roundabouts should be treated as a typical intersection and should be lit to the highest recommended
lighting level of the individual roadways that converge at the roundabout.

4.C Photometric File Preparation

Once the designer has determined the target illuminance values for their project, they can begin to set
up the photometric calculation file. The information that follows will assist the lighting designer with
setting up a proper photometric file, regardless of which software the designer chooses to utilize.

Additional information on photometric file set ups for two of the common lighting calculation software
can be found in Appendix X.

4.C.1 Base Plan

Before a photometric calculation file can be set up, the lighting designer first has to create a CADD
version of the base file. This base file is used by the designer to identify the ultimate physical conditions
of the project that could have an impact on the final location of the lights. The information necessary to
start a base file would include both surveyed information of the existing conditions as well as proposed
design conditions. A list of typical features that would be shown on a lighting base plan can be found in
Table 8.

Table 8 — Typical Lighting Base Plan Features
e Surveyed topography
e Ultimate locations of building lines, fences, trees, shrubs, etc.
e Right-of-way (existing and proposed)
e Limit of construction
e (Clearzone
e  Proposed baseline
e Road name labels
e Ultimate physical features (curb and gutter, islands, sidewalks, medians, shoulders, drainage
structures, guardrail)
e Final locations of utilities (poles, manholes, underground conduits/pipes, overhead aerial lines, etc.)
e Location of existing lighting equipment (poles, controller cabinet, junction wells, etc.)
e Ultimate locations of all traffic equipment
e Ultimate striping condition
e  Ultimate structure locations
e  Bus stops and loading zones

The designer is responsible to set up this base file, which can then be imported into the lighting design
software and used to complete the lighting photometric calculations.
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4.C.2 Point Calculations

Once the designer has brought the base file into the lighting design software, they can begin setting up
the photometric calculations. These calculations are performed by utilizing a point-by-point method. A
grid of calculation points should be added to any area where lighting is warranted. The spacing of points
shall be 5’ x 5’ for areas of roadway with no pedestrians. A grid spacing of 2’ x 2’ shall be used for
locations with a pedestrian presence, whether on the roadway or on an off-roadway location.
Engineering judgement should be used for point spacing in locations that the designer might feel are of
a higher concern, such as high crash locations, areas with sight distance issues, etc.

4.C.3 Statistical Areas

Once photometric calculation points are added to the file, they will need to be grouped into separate
statistical areas. These statistical areas are created in order to group together points that will be
targeting the same recommended levels of illuminance. When the photometric calculations are
performed, each statistical area will summarize the results of all the calculation points within its
boundaries. The designer will use these statistical area results to verify that their lighting designs are
meeting the required target values.

4.D Fixture Criteria

Once the background and calculation points are added to the photometric file, the designer must then
select a luminaire to assess. When completing a design where the addition of new lighting is necessary,
the designer should first consider the option of adding fixtures to existing (or proposed) utility poles.
This is DelDOT’s preferred method for roadway lighting. At locations where utility poles are not present,
the lighting designer should then investigate the option of adding new utility poles specifically to
support proposed luminaires. Any lighting equipment proposed to be installed on a utility pole shall be
in accordance with the local utility company’s standards and need to be approved by the utility
company. The designer should ensure that any proposed utility poles are outside of the clear zone and
within the Right of Way. See Chapter 6 for additional information on the installation of light fixtures on
utility poles.

For projects where it is not possible to mount fixtures to a utility pole, or it is not in the best interest of
the Department, the designer will need to complete a lighting design where fixtures will be mounted on
DelDOT owned metal lighting poles. The criteria that the designer needs to consider when selecting a
luminaire to be installed on a DelDOT owned light pole can be found in the following sections.

4.D.1 Luminaires

It is a lighting designer’s responsibility to have a working knowledge of the various factors that make a
luminaire distinctive, and to determine the lighting fixture preferences of the local M&O districts. It is
not the Traffic Design Group’s responsibility to direct which fixtures the designer needs to use for a
lighting design.

Light-Emitting Diode (LED) lamps shall be considered standard for all DelDOT lighting applications. If
lighting exists within a project’s limits, and it is a fixture other than LED, then the designer is required to
upgrade the existing fixture with an LED fixture as part of the project. Other types of lamps shall not be
used for roadway lighting unless approved by the Chief of Traffic Engineering or designee.
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Identification decals shall be placed on the outside of the driver housing on all roadway luminaires used
in DelDOT roadway lighting projects. The decal should be white to identify that the type of light source
is LED and should indicate the specific wattage of the fixture.

Cobrahead luminaires with cutoff optics should be considered standard for use in conventional roadway
lighting installations. Other types of luminaires, including any tilt angle fixtures, shall not be used unless
approved by the Chief of Traffic Engineering or designee. See Appendix P for a sample technical
memorandum of non-standard lighting fixture approval process.

4.D.1.a Wattage and Lumens
It is recognized that LED lighting fixtures produced by different manufacturers will never be the same.
Due to this concern, the Department has instead specified certain parameters that must be satisfied
when the designer is selecting what fixture to utilize for their design. Fixtures that meet the parameters

in Table 9 shall be considered acceptable for use in conventional DelDOT roadway lighting facilities.

Table 9 - LED Lighting Fixture Parameters

LED Luminaire: LED Luminaire: LED Luminaire:
400 Watt HPS Equivalent 250 Watt HPS Equivalent 150 Watt HPS Equivalent
Wattage Lumens Wattage Lumens Wattage Lumens
250 (Maximum) 27,000-31,000 175 (Maximum) 16,000-20,000 90 (Maximum) 8,000-12,000

Roadway luminaires not meeting the above criteria shall not be used in DelDOT roadway lighting
facilities unless otherwise directed by the Chief of Traffic Engineering or designee. Additional
information regarding LED fixture requirements are provided in DelDOT’s standard specification for LED
luminaires.

4.D.1.b Vertical Light Distribution

Luminaires with a medium vertical light distribution shall be considered standard for use in roadway
lighting installations. Luminaires with other types of vertical light distribution shall not be used unless
otherwise directed by the Chief of Traffic Engineering or designee.

4.D.1.c Lateral Light Distribution

Manufacturers develop luminaires to produce beams of light in a specific pattern, which are referred to
as lateral light distribution patterns. Luminaires with Type Il, Type lll and Type IV lateral light
distributions shall be considered standard for use in DelDOT roadway lighting installations. Fixtures with
a Type Il or Type Il distribution are more commonly used along stretches of roadway that are up to four
lanes wide. For wider roadways, and at intersections, fixtures with a Type IV distribution are typically
used. Luminaires with other types of lateral light distribution should not be used unless otherwise
approved by the Chief of Traffic Engineering or designee.

4.D.1.d Color Temperature
An important criteria to consider when selecting an LED fixture is the color temperature (measured in

Kelvin) which measures the ‘warmness’ or ‘coolness’ of the light. Higher color temperatures are
associated with ‘cooler’ light sources, which are more blue in hue, and gives the driver a feeling of
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daytime conditions. Lower color temperatures measure ‘warmer’ light, which appears more yellow. LED
fixtures installed on DelDOT projects must have a color temperature in the range of 3,000K to 4,000K.
High mast luminaires may have a color temperature up to 5,000K. All luminaires installed as part of the
same project should utilize the same color temperature. High mast luminaires may be designed with a
different color temperature than roadway luminaires, as necessary.

4.D.1.e Light Control

The ‘BUG’ classification system is the way to evaluate the light that is emitted by LED fixtures. This
system categorizes the overall optical performance of an LED fixture by considering three different
factors — B: the ‘Backlight’, U: the ‘Uplight’ and G: the ‘Glare’. The value for each of these factors ranges
from ‘0’ to ‘5’. Each LED luminaire is assigned a value for each of these factors. These factors are
especially important to consider in order to find a fixture that meets the criteria of Delaware’s State
Code, Title 7 — Section 71A, which only allows state funds to be used for lighting fixtures that were
selected with consideration given to conserve energy, reduce glare, minimize light pollution, and
preserve the natural night environment.

Backlight refers to the amount of light that spills back towards the light pole, away from the roadway. A
fixture with a ‘B’ value of ‘0’ would have very little light directed away from the roadway, while a fixture
with a ‘B’ value of ‘5’ would have the most possible light directed away from the roadway. The designer
should consider the surrounding environment of the project and the backlight value that would be
appropriate when selecting a fixture for their project. For projects located in residential areas, fixtures
with lower backlight ratings should be considered to direct the light towards the roadway and reduce
lighting trespass on private property. For locations where lighting trespass is a big concern, the designer
has the option of proposing that a shield be added to the light fixture. Shields help to redirect the light
emitted by a fixture so that it only shines on the intended surface where it is useful.

Uplight refers to the amount of light that a fixture directs upwards towards the sky. A fixture with a ‘U’
value of ‘0’ would not be allowing any light to be directed skywards, while a fixture with a ‘U’ value of ‘5’
would have no limitations on the amount of light that is being emitted upwards. All LED light fixtures
used for roadway lighting designs shall have a ‘U’ value of ‘0’. This value meets the criteria of Title 7 —
Section 71A, which only allows state funds to be used for lighting fixtures that are classified as ‘cutoff’.
Although the term ‘cutoff’ is no longer utilized with LED fixtures, a ‘U’ value of ‘0’ would meet the same
criteria.

Glare is a measurement of how much light leaves a light fixture at an angle that may be detrimental to
motorists. Glare ‘G’ is given a value between 0 and 5 based on the number of lumens that leave the
fixture which is defined by IES as “Forward Light High” and “Forward Light Very High” angles. These
angles are from 60 degrees to 90 degrees. Fixtures with lower Glare values have less lumens leaving a
fixture at these angles than fixtures with high Glare values. Therefore, fixtures with lower Glare values
typically cause less glare issues than fixtures with higher Glare values. The designer is responsible for
taking Glare into account when determining fixture locations as well as mounting heights.

4.D.1.f Drive Current
LED drivers regulate the electricity necessary for an LED fixture to perform to its ultimate capabilities.

LED fixtures produced by different manufacturers will be designed to utilize specific drive currents.
Higher drive currents tend to result in higher amounts of energy that is needed to power a fixture. In
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order to limit the energy consumption of lighting fixtures, and encourage a more efficient design, LED
roadway lighting fixtures shall have a maximum drive current of 1050mA.

4.D.1.g Special Fixtures

The information in the previous sections was applicable for standard roadway luminaires. Designs may
arise where the use of less common fixtures may be necessary for roadway lighting purposes. These
special fixtures have been further detailed in the sections below.

4.D.1.g.i High Mast Luminaires

Lighting designs for interchanges, ramps, tolls, large highway areas, rest areas, or other similar
applications may be best suited for the use of high mast luminaires. For high mast luminaires, higher
wattages and lumen values than typical roadway luminaires may be necessary. Fixtures with different
distribution types may also produce more efficient lighting designs. High mast lighting designs are
typically calculated using fixture arrays, which assumes multiple fixtures will be mounted to a high mast
pole in an array. Most high mast designs with arrayed fixtures can have anywhere from three to eight
fixtures, depending on the photometric requirements. The lighting designer shall coordinate with the
local Maintenance District regarding their preference on high mast lighting installations prior to
performing any high mast lighting design.

For additional information on high mast lighting, see the AASHTO Roadway Lighting Design Guide.
4.D.1.g.ii Underpass and Tunnel Luminaires

Lighting designs for bridge underpasses, tunnels, or other similar applications may be best suited for the
use of underpass luminaires. For underpass luminaires, lower wattages and lumen values than typical
roadway luminaires may be necessary. Fixtures with different distribution types may also produce more
efficient lighting designs. The lighting designer should have a pre-design meeting with the Traffic Design
Group if they are considering the use of underpass lighting.

Underpass lighting can be designed using the same method of lighting calculations used for roadway
lighting design. Tunnel lighting calculations should use the luminance method of lighting calculations.
This method considers the amount of light reflected off a surface in a certain direction. For additional
information on tunnel lighting, please refer to RP-22-11, ‘Tunnel Lighting’.

4.D.2 Light Loss Factor

Typically, the photometric .ies file of a specific fixture, which is provided by the manufacturer, uses the
initial lumen output value. All lighting fixtures suffer reductions in performance over time, slowly
reducing their lumen output due to various factors, including dirt on the fixture and depreciation of the
lamp itself. This loss of performance is typically accounted for during the photometric calculation
process by incorporating a Light Loss Factor (LLF) during the lighting analysis. By utilizing an LLF during
the calculation phase, it produces lighting results that consider the design criteria for the lifespan of the
fixture. Using a Light Loss Factor ensures that the project is designed using pole spacings and
arrangements that will provide effective illumination well past the initial lighting system installation.
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The basic LLF calculation for LED luminaires for DelDOT consists of two different metrics which are then
multiplied together to form a single factor. These two metrics are: Luminaire Dirt Depreciation (LDD)
and the Lumen Maintenance Factor (LMF). These two values are explained in detail below.

Luminaire Dirt Depreciation (LDD):

Lamp Dirt Depreciation is a factor that accounts for dirt accumulation that is responsible for a reduction
in luminaire light output over time. The LDD for LED fixtures is dependent on the material and size of
the outer optics. The fixtures typically used by DelDOT have Linear Molded Acrylic outer optics. For
these fixtures, a Luminaire Dirt Depreciation factor of 0.9 can be used. For fixtures that have a different
outer optic (i.e. individually molded acrylic or glass optics), a lower LDD value must be used. Refer to IES
RP-8 for the appropriate Luminaire Dirt Depreciation factors. A technical memorandum related to the
development of the LDD value is provided in Appendix P.

Lumen Maintenance Factor (LMF):

The Lumen Maintenance Factor is a factor provided by the luminaire manufacturer for a given fixture.
This factor is typically based on extrapolated data which is collected by the manufacturer during
luminaire testing. This factor expresses the reduction in lumen output of a given fixture over a specific
time period. The Lumen Maintenance Factor is typically presented as a percentage of the initial lumen
output at 60,000 hours. Some manufacturers use alternate durations of time to calculate their Lumen
Maintenance Factor. In these cases, only Lumen Maintenance Factors for longer time periods can be
used.

LDD * LMF = LLF
0.9 * 0.XX = 0.XX

If the vendor does not report the LMF factor in the fixture documentation, the designer should contact
the vendor directly to obtain this information. In the rare occasion when the designer is not able to
determine the LMF factor for a typical DelDOT fixtures with Linear Molded Acrylic optics, an overall
value of 0.83 can be used for the LLF.

4.D.3 Light Fixture Locations

Once the lighting designer has selected a luminaire for their design, they will then need to enter their
chosen fixture, and the relevant criteria previously mentioned, into the lighting design software.
Photometric calculations will need to be performed utilizing the chosen fixture to determine the optimal
lighting layout for each project’s conditions. Additional information that the designer will need to
consider when determining the locations of the proposed luminaires can be found in the following
sections. For additional information on design criteria for luminaire installations on utility poles, see
Chapter 6.

4.D.3.a Mounting Height
For luminaires installed on utility poles, the typical mounting height is approximately 25 to 30 feet, but
the actual height that the fixture is installed on a utility pole is subject to the height of the overhead

utility lines on the same pole. The designer should coordinate directly with the utility company to
determine the preferred mounting height of any proposed utility pole fixtures.
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All luminaires not mounted on utility poles shall be mounted on DelDOT owned aluminum lighting poles.
The height of the lighting pole will vary depending on the type of location it is being installed. For typical
intersections, roundabouts and roadway segments, a mounting height of 30 feet should be used. For
interchange and freeway designs, a mounting height of 40 feet is more common.

For luminaires installed on high mast poles, the mounting height of the fixture will be dependent on the
height of the pole. Typical high mast pole heights range from 70 feet to 100 feet.

4.D.3.b Arm Length

For lighting being installed on utility poles, the designer should coordinate directly with the utility
company to determine the arm lengths that are currently available.

All luminaires not mounted on utility poles shall be mounted on DelDOT owned aluminum lighting poles
by using aluminum davit arms. The arm length will vary depending on the area of illumination for the
design and the physical location of the pole, but typical arm lengths that should be used are as follows:

o g

o 12

o 15

If the designer proposes an arm length greater than 15’, a special foundation design will be necessary to
determine the appropriate pole base type. In these cases, the designer should refer to Chapter 5 for
additional information on requests.

It is preferred that lighting arms be installed perpendicular to the roadway. If the lighting design includes
the installation of arms at an angle that is not perpendicular to the roadway, the lighting designer shall
include a note with the angle between the lighting arm and roadway on the plan.

Lighting arms are prohibited from being installed on signal equipment unless otherwise directed by the
Chief of Traffic Engineering or designee. If a lighting designer identifies existing luminaires that are
mounted on existing signal equipment within their project limits, they should redesign to mount the
luminaires on poles separate from the signal equipment.

4.D.3.c Pole Location

The last step before finalizing the photometric calculations is determining where the light poles should
be located in order to meet the required illuminance values. Determining the optimal locations of lights
that work with all other constraints of a project is typically an iterative process, as there are many design
aspects that need to be considered. The following list provides some common design considerations
that a lighting designer should take into account when determining the location of any proposed light
poles. This list is not meant to be exhaustive, as every lighting design will have its own unique
considerations.

e ADA standards (see DelDOT’s Pedestrian Accessibility Standards (PAS) for Facilities in the Public

Right-of-Way):
o Must be maintained
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o Sidewalks/ramps cannot be blocked
Drainage:
o Location of pole cannot interfere with drainage flow
o Low areas prone to wetness should be avoided
e Slope:
o Steep slopes are not acceptable pole locations
o Areas of level earth are encouraged
e Maintenance:
o Lateral reach of maintenance vehicles is typically 20 feet
o Accessibility of poles for maintenance personnel
e Structures:
o Lighting poles should be placed to avoid sign structures
= 30’ Lighting Poles should be placed at least 50’ from sign structures
= 40’ Lighting Poles should be placed at least 70’ from sign structures
o Bridge locations should be considered when light poles are placed nearby
o Large vegetation should be avoided or considered for trimming removal
o Utilities:
o Overhead
o Underground

Smaller intersections can typically be satisfactorily lit by installing two luminaires on diametrically
opposed corners of the intersection. Although this is generally true, photometric calculations must be
completed for every lighting project to ensure that the lighting design meets the necessary criteria.

Lighting poles installed at roundabouts should be located on the outer edge of the roadway.

For lighting designs at a pedestrian crosswalk, luminaires should be placed so that the pedestrian
crosswalk is illuminated by at least two lighting units to ensure lighting in the event of a failure of one of
the units. Every effort should be made to light crosswalks so that pedestrians are in positive contrast,
and more visible to approaching vehicles. This can typically be achieved by placing a lighting unit on
either side of the roadway, located 10 to 30 feet prior to the crosswalk on the roadway approach.

Special consideration must be given to determine acceptable locations for lighting poles installed after
the gore of an off-ramp or before the gore of an on-ramp. The designer should consider that vehicles at
these locations could possibly be traveling at higher speeds, and when making directional changes could
have a higher potential of leaving the roadway, resulting in more pole knock-downs. Lighting poles
should typically be placed a minimum distance of 100 feet from the physical nose of the gore, but the
designer should carefully consider lighting at any gore location.

For designs that involve installing lighting poles on bridges, poles should be located within the

protection of the bridge railings or parapets. Approval from DelDOT’s Bridge Section is also required for
any lighting installed on bridges.
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4.D.3.c.i Clear Zone

All proposed DelDOT owned standalone lighting poles shall be designed as breakaway poles and shall
meet all breakaway requirements as established in the DelDOT Standard Specifications and Standard
Construction Details. While breakaway devices offer a reasonable alternative to striking a “fixed” object,
alternatives which reduce the potential of striking even these objects should be considered, since both
shielding devices and breakaway devices can cause significant damage to vehicles when struck.

Therefore, every effort should be made to locate lighting poles outside of the clear zone. Situations may
arise that could prohibit a pole from being located outside of the clear zone, such as geometric
constraints. In these situations, the designer is encouraged to consider installing protection for the pole,
either by using guardrail or other acceptable form of positive protection. When lighting poles are
located behind guardrail, the necessary distance for rail deflection must be considered when
determining the pole location. For 30’ poles, the pole diameter near the base is approximately 10”,
while for 40’ poles the pole diameter near the base is approximately 12”. All guardrails shall be installed
in accordance with DelDOT’s Road Design Manual and DelDOT’s Standard Construction Details. The
installation of unshielded non-breakaway lighting poles within the clear zone for the sole purpose of
supporting highway lighting is not acceptable.

The installation of breakaway lighting poles in islands and medians is allowable. However, it is preferable
to keep them outside of the clear zone. Efforts should be made to place the breakaway lighting poles
outside of the clear zone by considering alternative design approach as well as placing them outside the
edge of the roadway. Normally, it will not be acceptable to install non-standard (non-breakaway) light
poles in these locations, unless the islands or medians are larger than normal. However, on some rare
occasions non-standard light poles can be installed in these locations with the approval of the Chief of
Traffic Engineering or designee.

For additional information on the placement of poles and clear zone requirements, refer to AASHTO’s
Roadside Design Guide and the latest version of DelDOT’s Traffic Design Manual.

4.D.3.c.ii Utility Clearance
Clearance distances between proposed lighting equipment and utilities must be considered when
designing a lighting system. When determining where to place proposed equipment, the designer will
need to verify that standard clearances are met by all local utility company standards, as well as IEEE’s

National Electrical Safety Code (NESC).

Any above-ground equipment should be located a minimum of 10 feet from primary electrical lines, 3
feet from any secondary electrical lines, and 2 feet from communication lines.

Any below-ground equipment should be located at least 2 feet from any other utilities.

For additional information on utilities and lighting design, see Chapter 6.
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4.E Special Lighting Cases
4.E.1 Nighttime High Crash Locations

Lighting installations that are warranted for high crash locations should include lighting of the actual
area with the high crash rate concerns, as well as lighting in advance of the area so that drivers can
detect the area prior to driving through it. Engineering judgement should be used to determine how far
in advance lighting would be beneficial when approaching a high crash location. Multiple lighting units
should be used at these locations to ensure lighting in the event of a unit failure.

4.E.2 Bridges and Overpasses

The roadway surface of bridges and overpasses located on state-maintained roadways that are
continuously lit should be lit to the same level as the roadway on either side of the structure. If bridge
lighting exists within a project, then the design shall maintain or replace the bridge lighting, as
necessary.

Before the lighting designer considers the installation of lighting on a bridge or an overpass, they should
coordinate with DelDOT’s Bridge Section to verify that it is feasible to mount proposed lighting on the
structure. Additional coordination will be needed during the project to ensure that the proposed lighting
system is properly designed to be incorporated with the structure. If a bridge is not being replaced as
part of the project, but lighting is warranted, the designer shall coordinate with DelDOT’s Bridge Section
to determine their design options.

When historical or decorative bridge lighting is proposed but does not meet warranting criteria, it will be
designed according to engineering judgment and in accordance with the applicable sections of this
Policy.

4.E.3 Underpasses and Tunnels

The lighting designer is required to have a pre-design meeting with the Traffic Design Group prior to
performing a lighting design for a tunnel.

The roadway surface of an underpass located on state-maintained roadways that are continuously lit
shall be lit to the same level as the roadway on either side of the structure. If underpass lighting exists
within a project, then the design shall maintain or replace the underpass lighting, as necessary.

Before the lighting designer considers the installation of lighting for an underpass or a tunnel, they
should coordinate with the DelDOT’s Bridge Section to verify that it is feasible to mount proposed
lighting on the structure. Additional coordination will be needed during design to ensure that the
proposed lighting system is properly designed to be incorporated with the structure. If the structure is
not being replaced as part of the project, but lighting is warranted, the designer shall coordinate with
DelDOT'’s Bridge Section to determine their design options.

The design of tunnel lighting should follow IESNA’s RP-22-11.

The design of underpass lighting should follow the AASHTO Roadway Lighting Design Guide.
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4.E.4 Toll and Service Plazas

The lighting designer is required to have a pre-design meeting with the Traffic Design Group and
Maintenance District prior to performing a toll plaza or service plaza lighting design.

4.E.5 Development Access Points
If lighting is desired at a development access point, it will be the responsibility of the Developer and/or
the Development Corporation. If a lighting system exists prior to the development access point being
added, the developer is required to update the lighting system to incorporate the new access point.
4.E.6 Decorative Roadway Lighting
Non-standard decorative roadway lighting poles or luminaires will not be used on DelDOT projects,
unless approved by the Chief of Traffic Engineering or designee. If an outside Agency agrees to own and

maintain the decorative lighting, then non-standard decorative poles or luminaires may be proposed.

Any decorative roadway lighting on state-maintained roads should be approved by the Chief of Traffic
Engineering or designee.

4.E.7 Uncontrolled Crossings
When lighting is warranted at uncontrolled crossings, the following areas shall be lit: the area of the
marked crosswalk, the landings, and a minimum of 100 feet of roadway approaching the crosswalk. The
area to be lit approaching the crosswalk should be increased based on the speed limit of the roadway,
project specific requirements, and engineering judgement.
See Figure 8 in Appendix W for a typical example of area of illumination for crossings.

4.E.8 Off-Roadway Bicycle and Pedestrian Ways
Lighting for off-roadway bicycle and pedestrian ways may be considered when the path is expected to
have night usage, and when an outside Agency agrees to own and maintain the lighting system and fund

the continuing electric costs.

In the cases it is decided to light a pedestrian or bicycle way, then it shall be illuminated in accordance
with DelDOT illuminance design values, which can be found in Table 7 in Section 4.B.3.

When pedestrian lighting is located adjacent to a roadway, the lighting designer will consider the effect
of the pedestrian lighting on vehicular traffic. When pedestrian lighting is proposed for pedestrian
facilities located adjacent to a roadway, the roadway will also be illuminated.

4.E.9 Parking Lots

Parking lot lighting should be designed in accordance with IESNA’s Lighting for Parking Facilities (RP-20-
14). This includes lighting for Park & Ride lots, Park & Pool lots, and any other parking lot.
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4.E.10 Overhead Sign Lighting
Overhead guide signs installed in Delaware are made from Type IX retroreflective sheeting or better.

Therefore, overhead sign lighting is not currently required by DelDOT. For additional information on sign
lighting, refer to the most recent edition of AASHTO’s Roadway Lighting Design Guide.
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Chapter 5 LIGHTING DESIGN AND ELECTRICAL ELEMENTS

This chapter provides more detail on the information that should be shown on the plans and the design
elements required for lighting projects.

Where possible, DelDOT prefers utility company owned and maintained (tariff) lighting over DelDOT
owned lighting installations. All tariff lighting will need to be approved by the utility company. In areas
where lighting is warranted, but tariff lighting is not feasible, then stand-alone DelDOT owned and
maintained lighting equipment should be installed.

A tariff lighting design should provide information on the locations where fixtures will be mounted to
utility poles, and the wattage of those fixtures. The designer is responsible to coordinate with the local
utility company to verify which utility poles are able to support the proposed lighting fixtures, identify
the lighting fixtures that utility company currently stocks, and to identify the preferred mounting heights
for the fixtures.

DelDOT owned lighting designs require additional equipment and more information than tariff lighting
designs. The designer is responsible to coordinate with the local utility company to verify location and
level of power sources, but the design of the lighting equipment shall meet DelDOT’s standards. For
DelDOT owned lighting designs, the designer shall consider the following:

e Fixtures (type, location)

e Poles (type, location, size, foundations)

e Arms (length)

e Control cabinet (type, location, size, foundation)
e  Wiring (size)

e Conduit (type, size, location)

e Junction wells (type, size, location)

This section describes the specific elements and equipment found in most DelDOT roadway lighting
design projects. All items below should be considered as standard for DelDOT lighting. The designer
should coordinate with the local district M&O office to ensure that acceptable equipment is being
included in the design, as some of the district offices have sole source agreements with specific
manufacturers. Any deviation from what is described shall require approval by the Chief of Traffic
Engineering or designee. Additional information on tariff lighting designs can be found in Chapter 6.

5.A Design Elements

5.A.1 Pole Design
No lights shall be installed on any signal equipment. In general, placement of light poles (standards) shall
conform with clear zone requirements. For additional information on clear zone requirements, refer to

Chapter 4. To facilitate good design practice, DelDOT has adopted the following standard design criteria
for light poles.
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5.A.1.a Type

All DelDOT owned and maintained low level light poles shall be breakaway aluminum poles. Breakaway
lighting poles are designed to fail in a manner to help reduce vehicular damage when struck by a vehicle.
The height and size of the light pole should be based on lighting requirements and calculations to ensure
uniform illumination upon the roadway surface. Standard pole heights include 30 feet and 40 feet. All
light poles should have identification tags denoting the pole number, relevant circuiting information,
fixture wattage and fixture distribution. The designer should coordinate with the local district
maintenance office for their preferred method of pole identification.

5.A.1.b Configuration

For larger interchanges, high mast lighting using LED light fixtures should be considered. Low level
lighting shall be used for lighting installations where high mast lighting is not cost effective or is not a
feasible option. Arm lengths of 8 feet, 12 feet and 15 feet are acceptable. Should the designer desire to
use arm lengths greater than these, then it is required that a foundation be designed that will properly
support the lighting pole and longer arm. Coordination with DelDOT maintenance personnel is necessary
if other arm lengths are required. DelDOT will not maintain decorative lighting, including the luminaires
and/or poles, unless it is pre-approved by the Chief of Traffic Engineering or designee.

5.A.1.c Transformer Bases

Breakaway transformer bases (T-bases) shall be used as standard for all DelDOT low level lighting
installations and should meet all requirements established in the DelDOT Standard Specifications and
Standard Construction Details. Larger sized transformer bases should be provided to allow easier access
during initial installation, as well as any future maintenance. All transformer bases shall be grounded
and installed flush to the concrete foundation, using lock nuts. The access door should be placed away
from the roadway to avoid being blocked during snow removal. The designer should coordinate with the
local district maintenance office for their preferred transformer base size. Transformer base details are
provided in Appendix N.

5.A.1.d Foundations

The DelDOT standard Type 6 pole base shall be considered typical for the installation of DelDOT road
level light poles. However, structural analysis should be completed for nonstandard longer arm lengths
or pole heights. If soil conditions are known to be poor in the area, additional structural analysis is
needed.

There is no standard for a high mast light pole foundation. As such, the foundation design for these
poles shall be completed by a structural engineer and shall be coordinated with the DelDOT Bridge
Section.

For poles that require foundation designs, the lighting designer shall coordinate with DelDOT’s
Geotechnical Engineer to determine if soil information is available for the project location. If soil data is
not available for the project location, the lighting designer should submit a soil boring request to
DelDOT’s Geotechnical Engineer for any DelDOT projects. A sample of a soil boring request form can be
found in Appendix Y. The number of soil borings necessary for the project should be coordinated with
DelDOT’s Geotechnical Engineer. The cost of the soil borings should be included in project estimates.
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The information obtained during the soil analysis can be used to properly design pole bases as
necessary. For any private or developer projects, the designer will be responsible for obtaining the soil
boring through a third party and the signed and sealed recommendations should be sent to DelDOT for
concurrence.

5.A.1.e Conduits

All underground conduit shall stub up 2” above the base plate, within the pole base. An arrow should be
etched in the concrete foundation, showing the direction of conduit entry/exit. The designer can refer to
DelDOT Standard Construction Details for additional information on conduit design in a lighting pole
base.

5.A.2 Conduit Design

Electrical conduit is a tube that is used to protect electrical wiring from being damaged. It can be
installed underground, mounted to a structure, or installed in a structure. Conduit is used to protect all
wiring installed for a lighting system, starting at the power source, running out to the cabinet, and then
continuing on to carry wiring out to the lights. The term ‘Lighting Service Run’ can be used to refer to the
conduit carrying the cables from the power source location to the lighting cabinet. The general term
‘Conduit’ is used to describe the cable protection from the cabinet out to the lights in the system.

The following conduit sizes and requirements shall be considered standard for all DelDOT lighting
projects. Conduit fill calculations should always be performed to ensure that the necessary quantity of
wires does not exceed the allowable conduit fill.

5.A.2.a Sizes

For information on the minimum conduit sizes for specific design conditions, see Table 10 below.

Table 10 — Minimum Conduit Sizes

Junction Well to Junction Well 4” Diameter Minimum
Junction Well to Light Pole Base 3” Diameter Maximum
Light Pole Base to Light Pole Base 3” Diameter Maximum
Electrical Service (Lighting Service Run) 2” Diameter Minimum
Type R Cabinet to Junction Well (4) 4” Diameter Conduits Minimum
Type M Cabinet to Junction Well (4) 2.5” Diameter Conduits Minimum
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5.A.2.b Installation Methods
For information on conduit types based on standard conduit installation methods, see Table 11 below.

Table 11 — Standard Conduit Types
Used for all trenched and open cut conduit installations. Traceable

Schedule 80 PVC Conduit warning tape should be buried 6” below grade, above the conduit
location.
Schedule 80 HDPE Conduit Used for boring and/or directional drilling installations.

Used for all exposed conduit. Used for all lighting service runs between
the power source and the lighting cabinet.
Flexible Metallic Liquid Tight Conduit | Used as necessary.

Rigid Galvanized Steel (RGS) Conduit

5.A.2.c Conduit Fill Calculations

Proper conduit fill calculations shall be performed on each conduit in the DelDOT lighting system to
ensure conformance with NEC requirements. Additionally, the designer should consult with the local
district M&O office to see if there is a possibility for future expansion of the lighting system as this could
require larger and/or additional conduit to support the future expansion. Generally, allowable conduit
fill for DelDOT lighting conduits should be 26% for new conduit and 35% for existing conduit. To assist
the designer in these calculations, Table 12 provides the approximate total area of typical USE-2
conductor cable:

Table 12 — Type USE-2 Approximate Cable Area

#8 AWG 0.0835 in?
#6 AWG 0.1041 in?
#4 AWG 0.1333in2
#3 AWG 0.1521in?
#2 AWG 0.1750 in?
#1 AWG 0.2660 in?
#1/0 AWG 0.3039in?
#2/0 AWG 0.3505 in?
#3/0 AWG 0.4072 in?
#4/0 AWG 0.4754 in?

In addition, Table 13 details the specific allowable fill capacity for different conduit sizes:

Table 13 - Fill Capacities of Typical Conduit Sizes (Schedule 80 PVC)

26% Fill 0.75 in?
2.0” Conduit AT o1
2.5” Conduit ggﬁ E::: i:gz ::i
3” Conduit ;g:ﬁ E::: ;Sz ::z
e e

A voltage drop/conduit fill calculation spreadsheet is provided in Appendix Z.

Chapter 5 —Lighting Design and Electrical Elements Page 49



Delaware Department of Transportation’s Traffic Lighting Policy

5.A.3 Junction Wells

DelDOT has several junction wells, of different sizes and configurations, to be used for lighting systems.
To facilitate cable pulling, lighting system junction wells should be spaced no more than 250’ apart. All
metal junction well lids must be properly grounded. Circuit splicing should be done in the light pole
transformer base whenever possible. In general, splicing in the junction well should only be done if it is
absolutely necessary. If splicing must occur within a junction well, watertight splice kits shall be used.
Composite or concrete polymer junction wells shall not be used in the lighting system unless approved
by the Chief of Traffic Engineering or designee.

5.A.3.a Types
For information on junction wells, including design locations, see Table 14 below.

Table 14 — Standard Junction Well Types
Should be used at the following locations:

e  First junction well at the lighting control center.

e Where a lighting conduit is installed beneath the roadway, a junction
well should be installed on each side of the roadway.

e At locations where more than four conduits or more than 13 wires
(12 conductors plus ground) are entering a junction well.

Should be used for all other situations where a Type 4 junction well is not
necessary, including:

e At light poles where more than three circuits pass through the
transformer base. In this case, a Type 1 junction well should be
installed adjacent to the pole, with (2) conduits run from junction
well to pole base.

Type 4

Type 1

5.A.3.b Location

Junction wells should be installed outside of the roadway, curb ramps, shared use paths and sidewalks
whenever possible. Additionally, it is important to install the junction well outside of drainage ditches or
low-lying areas to avoid ingress of water into the conduit and wiring system.

5.A.4 Traffic Control During Construction

A lighting designer needs to consider the extent of temporary traffic control necessary to construct the
project. The designer should refer to Part 6 of the Delaware Manual on Uniform Traffic Control Devices
(MUTCD) and coordinate with Traffic Safety to determine the proper Maintenance of Traffic (MOT)
setups for the project, most often in the form of Typical Applications. For lighting designs that are
incorporated into a larger construction project or a developer project, the MOT of the lighting
installation is typically incorporated into the MOT of the overall project.

Pedestrian and bicycle access during construction must be considered by the lighting designer, and any
pedestrian or bicycle MOT plans need to be finalized and approved by Traffic Safety before handing the

project off to Construction.

If the project requires lane closures, then the designer needs to contact the Safety Section to determine
any time restrictions before handing the project off to Signal Construction. If the lighting work is part of
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a larger project, then time restrictions set for the project contractor typically apply to the lighting
contractor. If the project requires night work, the designer needs to note this on the handoff form and
the plan set. Additional maintenance of traffic and safety considerations are identified on the Work
Hour Restrictions Checklist, which shall be included as part of the Handoff Package. Copies of the Work
Hour Restriction Checklists are provided in Appendix T.

5.B Electrical Elements
5.B.1 Electrical Service

The lighting designer shall be responsible for coordinating with the utility company for electrical service.
Coordination should occur early in the design process to ensure that there is adequate time for the
utility company to advance through their process of providing power for the proposed lighting
installation. Underground or overhead electrical service may be provided and should be tapped from the
nearest utility pole(s) or electrical manhole(s) able to provide sufficient power to the lighting system.

In general, 120/240 Volt, single phase, three wire service is preferred for all lighting designs, especially
for smaller intersections. For larger interchanges, 277/480 Volt, three phase, 4 wire service may be
requested if it is available in the vicinity of the project and the lighting design would benefit from a
higher voltage. However, the designer could consider the possibility of providing several smaller
120/240 Volt services, in lieu of one 277/480V. The design should coordinate with the utility company to
reduce construction and maintenance costs. Other types of electric services shall not be permitted.

For Type A projects (Capital) the utility power request should be coordinated by the Signal Construction
Group. For Type B and Type C projects (Traffic Lead) the designer should establish whether utility power
request should be coordinated by the Signal Construction Group or Traffic Design Group.

A fused safety switch, in a weatherproof enclosure, shall be provided on the load side of the service for
all lighting services unless otherwise directed. This switch shall act as a means to disconnect the utility
company’s equipment and the meter. All equipment upstream of the meter shall be owned and
maintained by the utility company. For 277/480V service an additional disconnect is required on the line
side. For lighting designs where the control cabinet is located more than 50’ from the power source or
where a disconnect is not easily accessible, then an additional secondary disconnect is required.

All underground conduit shall transition to Rigid Galvanized Steel (RGS) before transitioning up to the
fused safety switch. A detail showing this transition can be found in Appendix N.

Detailed information should be provided on the plans for all electrical service equipment. The design
should provide, at a minimum, the station/offset and owner name for all equipment, and pole number
for any utility poles used in the design.

5.B.2 Control Cabinet

A lighting control cabinet will house the lighting system, including the main and secondary circuit
breaker. A smaller lighting system should use a smaller cabinet. Larger lighting systems will require a
larger cabinet based on the required electrical loads. The main circuit breaker size should be selected
based on the total load of the lighting system, as well as to account for any possible future expansion of
the lighting system.
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All lighting systems should make use of a central photocell installed at the control cabinet. Photocells
installed on each luminaire in the system shall not be permitted unless the Chief of Traffic Engineering
or designee grants approval. To prevent vandalism, the photocell should be installed inside the lighting
control cabinet, with a clear, protective window (such as plexiglass) in the correct direction to allow the
photocell to operate as intended. The lighting designer should coordinate with the local district M&O to
determine their preference and/or requirements for any sole source equipment as well.

5.B.2.a Types & Sizes

The following lighting control center main breaker sizes shall be used on DelDOT lighting installations.
Any deviation of these main breaker sizes shall not be permitted without the approval of the Chief of
Traffic Engineering or designee:

e 60A Lighting Control Center (Pedestal Mounted)

e 100A Lighting Control Center

A detail of a 60A lighting control center (pedestal mounted) has been provided in Appendix N.

Standard 100A lighting control cabinets are as follows (see DelDOT’s Standard details for dimensions
and additional information):
e Type P/R - Typically used for interchange lighting systems.

e Type M — Typically used for intersection lighting systems.

In addition, 60A pedestal mounted lighting control cabinets are used for intersection lighting systems
with loads capable of being controlled by the pedestal mounted photocell without a separate contractor
and requires approval from the M&O district. Typically pedestal mounted cabinets are used for
intersections with 12 light fixtures or less.

5.B.2.b Cabinet Bases & Conduits

All ground mounted lighting control centers shall be installed on a concrete pad. All conduits shall be
stubbed up neatly within the cabinet enclosure, using 2” minimum PVC conduit. See DelDOT’s Standard
T-4 details for dimensions and additional information. Additionally, the South District requires a
minimum 80”x80"” concrete pad for lighting controllers in Kent and Sussex Counties.

5.B.2.c Location

Every effort should be made to locate the lighting control center outside of the clear zone. If this is not
possible, proper protection should be incorporated as part of the design of the control center layout. It
is important that the designer consider the accessibility to the control center site to allow maintenance
personnel to safely park their work vehicles and to work on the control center as necessary. The location
and size of the cabinet/control center should be identified on the plan set with station and offset
information

5.B.3 Circuitry
The designer should ensure that the lighting system is circuited such that all phases of the electrical

system are as balanced as possible with regard to the lighting loads. For larger lighting systems,
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specifically if 277/480 voltage is used, alternating the phasing of luminaires along a roadway will allow
for uniform power distribution. For 120V or 277V lighting, typically a shared neutral wire can be used
with a common trip circuit breaker. This allows for lower voltage drop levels which in turn could allow
for smaller cable sizes. The lighting designer should coordinate with the local district M&O office during
their review to determine their preferences for neutral conductors and whether a shared neutral, or
individual neutrals for each circuit, are to be provided.

Examples and details of typical DelDOT lighting system are illustrated below:

120/240V, Single-Phase, 3-Wire Lighting System with 120V Luminaires
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277/480V, Three-Phase, 4-Wire Lighting System
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5.B.4 Wiring

All wiring shall be sized in accordance with NEC requirements and conform to DelDOT’s specifications.
Lighting circuits shall be fully color coded for phase, neutral and ground based on the voltage of the
electric service. Wire color coding should be called out by the designer, in the contract drawings. Copper
Underground Service Entrance (USE-2) type wiring shall be considered the standard for all lighting circuit
wiring. Standard wire colors shall be as shown in Table 15 below:

Table 15 — Wire Color Coding

Phase A Black
120/240V Phase B Red
Neutral White
Ground Green
Phase A Brown
Phase B Orange
277/480V Phase C Yellow
Neutral White
Ground Green

As required by the NEC, conductors should be de-rated when there are 4 or more current-carrying
conductors installed in a single conduit. Additionally, conductors should also be de-rated as required
due to the expected ambient temperature and up-sized as necessary due to voltage drop.

The minimum wire size used for the phase, neutral and ground wires from the power source to the
lighting cabinet shall be as listed below. Voltage drop calculations should always be performed to ensure
wires are sized adequately to provide the necessary voltage to the lighting cabinet.

e #2 AWG (minimum) shall be used for all 100 Amp cabinets
e #6 AWG (minimum) shall be used for all 60 Amp cabinets

The minimum wire size used for the phase, neutral and ground wires from the cabinet out to the lighting
system shall be #8 AWG. Voltage drop calculations should always be performed to ensure wires are
sized adequately to provide the necessary voltage to all fixtures in the lighting system. Additionally,
when it is necessary to increase the size of the conductors due to voltage drop, the ground wire should
also be upsized based on NEC requirements.
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5.B.4.a Grounding and Bonding

All components of the lighting system shall be properly grounded and shall comply with NEC
requirements. Lighting conduit shall have a properly sized copper grounding conductor bonded into a
continuous run from the source. For information on grounding requirements, see Section 833 of the
DelDOT Grounding Specification as well as Table 16 below.

Table 16 - Grounding Requirements
All lighting conduit shall have a properly sized grounding
conductor bonded into a continuous run from the source.

Lighting Conduit

Light Poles Bases Bonded to ground by a %” diameter copper ground rod
(When 8’-0” of Undisturbed Soil embedded into undisturbed soil, below foundation as
below Pole Base is Achievable) described in Section 833 of DelDOT specification.
Light Poles Bases Bonded to ground by a %” diameter exothermically weld direct

(When 8’-0” of Undisturbed Sail buried rod end-to-end to bond lighting standards and
below Pole Base is NOT Achievable) | structures as described in Section 833 of DelDOT specification.
Minimum of two 10’ x %” diameter copper ground rods shall
be installed at lighting control centers:
e One located within the cabinet base
e One located at the nearest junction well location (a
minimum of 6’ away from the ground rod in the
cabinet base)
Provide a ground rod at the base of the line side safety switch
(where applicable), bonded to a solid bare copper ground
wire. The ground wire shall be connected to a lug in the
disconnect switch and strapped to the disconnect support.
Provide a 10’ x %” diameter copper clad ground rod, bonded
to ground. All metal lids must be properly bonded to ground.

Lighting Control Center

Junction Wells

5.B.4.b Power Feeders

The power feeder cable, from the utility company meter to the lighting control cabinet, should be sized
according to the size of the control cabinet panel and the size of the overcurrent protection devices
incorporated into the system. Copper Underground Service Entrance (USE-2) type wiring shall be
considered the standard for all lighting circuit wiring. Voltage drop calculations should be performed to
ensure proper feeder sizing. Additionally, any fused disconnects should be sized accordingly.

5.B.4.c Voltage Drop Calculations

Voltage drop calculations shall be performed, and submitted, for each lighting circuit of every lighting
design to ensure proper voltage is reaching each luminaire in the lighting system and to properly size the
lighting conductors. The maximum allowable voltage drop is 5% from the electrical service, to the last
luminaire in a lighting circuit.

Voltage drop calculations shall be submitted for review as part of the Semi-Final design submission. A
voltage drop/conduit fill calculation spreadsheet is provided in Appendix Z. Refer to Appendix AA for an
example of how to perform voltage drop calculations by hand. To aid the lighting designer in performing
voltage drop calculations, the conductor area of typical American Wire Gauge (AWG) cable sizes is
provided in Table 17 below:

Chapter 5 —Lighting Design and Electrical Elements Page 55



Delaware Department of Transportation’s Traffic Lighting Policy

Table 17 — Conductor Properties
(Area in Circular Mils)

#8 AWG 16510 cm
#6 AWG 26240 cm
#4 AWG 41740 cm
#3 AWG 52620 cm
#2 AWG 66360 cm
#1 AWG 83690 cm
#1/0 AWG 105600 cm
#2/0 AWG 133100 cm
#3/0 AWG 167800 cm
#4/0 AWG 211600 cm
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Chapter 6 ELECTRICAL UTILITIES

Most DelDOT lighting projects will require some level of coordination with the local utility company,
whether for electric service or for the installation of utility owned and maintained (tariff) lighting.
Delaware is primarily covered by two electrical utility companies, Delmarva Power and Delaware Electric
Cooperative (DEC). There are also larger municipalities located throughout the state that own and
maintain their own utilities, including electric. It is important for the designer to identify the applicable
utility company early in the design process, to ensure that the communication is maintained throughout
the life of a project. Contact information for most of the utilities can be found in Appendix BB.

6.A Design Coordination

The two aspects of lighting projects that will require utility coordination are requests for new electrical
service, and requests for tariff lighting.

The lighting designer should coordinate with the utility company as early in the design process as
possible. This will ensure that there is ample time to address conflicts that arise throughout the design
process. The designer should contact the utility company to determine the requirements and processes
for obtaining power and/or providing tariff lighting. To begin the application process, the designer needs
to provide an overall site plan showing the proposed lighting. The plan should identify any lights to be
mounted on utility poles, and an estimated total electrical load for power to any stand-alone lighting
systems. The designer should provide additional information for clarity as necessary.

Additional support is available to the lighting designer working with Delmarva or DEC via DelDOT'’s
monthly utility coordination meetings. Each month, there is one meeting for New Castle County and one
meeting for Kent/Sussex Counties. These meetings are hosted by DelDOT’s Utility groups at the local
M&O facility offices or at the Dover Administration Office. The meetings provide a forum where the
lighting designer can meet with representatives from the utility companies in person to discuss the
utility related improvements for their project. Typically, this meeting would be sufficient for initial
project coordination. Should a lighting designer need to work with one of the municipality utility
companies, then they should coordinate with them directly to determine whether a field meeting would
be beneficial.

Once the designer and the utility representative agree on improvements acceptable to both parties, the
designer is responsible to properly display this information on their plans and share those plans with the
utility company for concurrence. Follow up coordination could be necessary after the initial discussion.
In some cases, the lighting designer or the utility company representative may feel that an on-site
meeting would be beneficial to discuss specific project requirements, or to better estimate costs.
Communication with the utility company throughout the design and construction phase is important to
make sure the project is successful.

6.B Electrical Service Request
All electrical service requests will have to be agreed upon by the utility company. The designer should

follow the applicable utility company’s requirements for power service requests as early in the design
phase as possible. An estimated total load for all lighting equipment will need to be provided so that the
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utility company can assess the electric service needs and provide a service capable of handling the
proposed loads.

The utility companies have pre-approved voltages that are acceptable for lighting installations (see
Chapter 5 — Lighting Design and Electrical Elements). The designer should coordinate with the utility
company to determine what power voltage options are available at their project site. Typically, the
voltage provided by the utility company is based on what is available near the project location. Deviating
from this can result in significant costs incurred by the Department, as the utility company would need
to provide a voltage that isn’t readily available. For larger interchange lighting designs, the designer
should consider whether several lower voltage services (120/240V) might be a better option than one
higher voltage (277/480V) electric service. This determination can be accomplished by coordinating with
the utility company to get cost estimates for different power source options. The lighting designer is
responsible to specify the level of voltage for electric service that would be best suited to their design.

The designer should obtain from the utility company the available fault current at the proposed power
service to ensure the minimum AIC (Amp Interrupting Capacity) rating is adequate for the service being
provided. If the available fault current is higher than 22,000 AIC as specified in the 2016 DelDOT
Standard Specifications (Section 1080), then a special provision must be created to modify the standard.

It is the designer’s responsibility to ensure that all utility company requirements for the electrical service
are met in the contract documents. This includes requirements for meter sockets, disconnects and
ensuring that proper procedures for connecting customer owned and utility owned infrastructure are
well documented. All meters and transformers should be owned and maintained by the utility company,
not by DelDOT. If a pad mounted transformer must be owned and maintained by DelDOT (which will
require approval by the Chief of Traffic Engineering or designee), then a DelDOT warning sticker, with
DelDOT’s contact information, shall be placed on the transformer so DelDOT will be contacted directly if
any issues arise.

For a list of information that the designer is responsible to convey to the utility company for electric
service, please see Table 18 below:

Table 18 — Electric Power Service Information
Utility owner (pole or manhole)
Number (pole number or manhole ID)
Station/Offset of power location

Electric Power Services Removals: Equipment currently utilizing the power source
(Removals or Installations) Installations: Equipment to utilize the power source
Removals: Level of power source abandoned, and location
Installations: Voltage and level of power requested

A separate DGM 1-27 for general electric service requests for DelDOT owned roadway lighting, traffic
signals, and ITS equipment for Type A projects is developed by DelDOT and can also be found in
Appendix CC.

6.C Tariff Lighting

Tariff lighting is when the utility company owns and maintains a light fixture on their utility pole. In
return, the customer (DelDOT, developer, resident, business owner, etc.) will pay a monthly tariff fee
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and energy rate for that fixture. The rates and fees change often based on various market adjustments.
The lighting designer can consult the utility company’s website to obtain the latest rates.

Where possible, DelDOT prefers utility company owned and maintained tariff lighting over DelDOT
owned lighting installations, although tariff lighting is not an option along freeways or expressways. As
with electrical services, all tariff lighting will need to be agreed upon by the utility company. This will
include completing an application for tariff lighting and signing an agreement, following the procedures
set forth by the applicable utility company. A lighting plan showing all the tariff based lighting fixtures,
including utility pole numbers, shall be developed. The plan should also include a schedule that lists the
station and offset (or northing and easting if a baseline is not created), the luminaire wattage
equivalent, and the distribution type. Any relevant notes should also be included on the plans. All tariff
lighting plans must be approved by DelDOT Traffic Section before being submitted to the power
company for implementation or shared with the local M&O District. For a list of information that the
designer is responsible to convey to the utility company for tariff lighting, please see Table 19 below:

Table 19 — Tariff/Utility Owned Lighting Information

Owner of the pole(s)

Associated pole work (removed/relocated/replaced/remain/new)

Tariff/Utility Owned | Lighting fixture work (removed/relocated/replaced/remain)

Lighting Pole number (removed/relocated/replaced/remain)

(Utility Pole Lighting) | station/Offset (relocations/replaced: provide both existing and proposed station/offset)

For replaced/new fixtures: fixture information (type, wattage, distribution, etc.)

For replaced/relocated/new fixtures: mounting height (or range)

Owner of the pole(s)

Associated pole work (removed/relocated/replaced/remain/new)

Lighting fixture work (removed/relocated/replaced/remain/new)

Tariff/Utility Owned | pole number (removed/relocated/replaced/remain)

Lighting Station/Offset (relocations/replaced: provide both existing and proposed station/offset)

(Stand-alone Lighting) | For replaced/new fixtures: fixture information (type, wattage, distribution, etc.)

For replaced/relocated/new fixtures: mounting height (or range)

Level of power requested

Equipment to utilize the power source

Utility companies can provide many different types of luminaires, including LED fixtures of different
wattages and distributions. Typically, the utility company can provide the designer with the fixture codes
for the light fixtures they stock. The designer can then search the vendor’s website with the code
information to find the IES file to use for photometric calculations. The lead times for procuring certain
light fixtures can be extensive, so it is important to begin the coordination process with the utility
company as early as possible in the design, especially regarding the type of fixture.

If utility poles don’t exist within the project limits, but the lighting design would only require a few poles,
the lighting designer can explore if the utility company can provide wooden utility poles solely for the
purpose of tariff lighting. This is a more feasible option for projects that will require new utility pole
relocations. This option typically involves increased costs for utility work, but the lighting designer is
responsible to determine if it could outweigh the option of a DelDOT owned and maintained lighting
system.

Chapter 6 —Electrical Utilities Page 59




Delaware Department of Transportation’s Traffic Lighting Policy

6.D Utility Coordination

The lighting designer is responsible to clearly convey the equipment upgrades the project will require of
the utility company. For Type A (Capital) projects, this information is incorporated into the utility
statement. The utility statement details the utility improvements for the project, including electric,
cable, water, gas, etc. The statement identifies which utility company is responsible to perform what
work, and an estimate for how long that work will take. The lighting designer is responsible to make sure
that the lighting equipment needs are included in the utility statement. For Type B or C (Traffic Lead)
projects, a formal utility statement is not required, but the lighting designer should document the utility
information in a separate list and include the information on the plan sheets. Utility information the
designer should note for their project was previously listed in Table 18 and Table 19 from Section 6.B
and Section 6.C, respectively.

Formal applications must also be completed for power service and tariff lighting requests. DelDOT has
developed their own application for power service that lighting designers should complete when
applying for power services. A copy of this application has been included in Appendix DD. DelDOT'’s
Traffic Signal Construction section will prepare and submit the power service application to the utility
company. Traffic personnel handling these requests can be confirmed through the Traffic Field
Operations. For large and complex projects, where there are more than two power service requests, a
display map showing all the power source locations and the type of service should be provided by the
designer and will be part of the utilities service application. See DGM 1-27 for additional information.

For some Type A projects, the General Contractor would handle the coordination with the utility
company. For Type B or C (Traffic Lead) projects, coordination with the utility company is project
specific, and would be handled by either the designer, the Traffic Design Group or Signal Construction. In
these cases, the designer is responsible to verify which group will handle the coordination.

Some utility companies may require that the lighting designer complete an additional application form,
that is unique to that utility company. It is the lighting designer’s responsibility to determine if the utility
they are coordinating with requires this. These unique utility forms can typically be used to apply for
both power sources and for tariff lighting requests.

The lighting designer is responsible to coordinate with the utility company to obtain quantities and cost
estimates for the work the utility company will complete for the project. The designer should include
these costs in their overall project cost estimate. For Type A projects, utility costs will be reflected
through the general bid, and any tariff related charges for equipment installations will be paid
separately. For Type B/C projects, utility costs should be included as part of the traffic statement. The
designer should coordinate directly with the utility company as necessary to obtain costs prior to project
handoff.
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TRAFFIC SYSTEMS DESIGN DIRECTIVE



/\\ Traffic Systems Design Directive Number (Year - #)
e

DelDOT 169 Brick Store Landing Road, Smyrna, DE
Requestor Name: Requires modification
] to Traffic Lighting
Date Submitted: Policy?
Y,
Applicable Chapter / Section / Page E Nes
Table / Figure in current manual: °

Description of Current Practice:

Recommended Change:

Date Received: Received By:

Based upon the conditions presented, it is recommended that this be approved as an updated Lighting
Design Practice and included as a revision to the Traffic Lighting Policy (if applicable).

Recommended By: Date:
Requestor

Recommended By: Date:
Design / Construction / Safety / Studies Manager

Approved By: Date:
(Signature)

Status / Date Completed:

Page 1 of 1 Form Date: 04/18/2018
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LIGHTING REQUEST FLOW CHART



Lighting Request Decision Flow Chart

Is the requested lighting for
internal subdivision roadways,

private madways, munidpal
roadways, driveways, or
Cannot be funded by General similar roadways? Is the requested lighting for
DelDOT funds (includes lighting roadway lighting along a
for non-DelDOT owned roadways, DelDOT owned roadway, and
driveways, community signs, DART _ /S will it be located within
stops, other fixed objects, etc). DelDOT Right-of-Way? (Bath
Construction and maintenance conditions MUST be satisfied)
will need to be funded by ‘others’ -
(CTF, county, HOA, etc.). Mo action
required by DelDOT Traffic Design or
Studies. (rasplved)
Has a lighting warrant
............................. analysis been performed?
Send to DelDOT Traffic Studies
for warrant analysis.
v
. h:::“.:,::,"f:.ﬂ"g mm_"tf SR DelDOT Traffic Studies
satisfaction o Eenich .
DelDOT Traffc Studes? will review the anakysis.
DelDOT will fund the design, ...
construction & maintenance of the
requested lighting. DelDOT Traffic
Design will perform photometric
analysis and develop the lighting
plans. Once the design is Cannot be funded by General
completed, it will be handed DelDOT funds. Construction and
over o the relevant group for maintenance will need to be
implementaticn. (resclved) funded by ‘others’ (CTF, colinty,
HOA, etc.).
é L
Hasallghtingdeion [
been completed?
: The authority who will
¥ be maintaining the lighting
needs to submit ies files
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DelDOT Traffic Design for
a general review.
DelDOT Traffic Design will review ™"
the analysis. Does the proposed
lighting meet DelDOT's ooy -
standards and guidelines?
The lighting design is allowed Cannot be funded by General
to be within the Right-of-Way. DelDOT funds, ner placed
Characteristics of the proposed within the Right-of-Way.
lighting design preventing it
from obtaining General DelDOT

funds (i.e. not satistying the
warrant) will be reported to the
Legislative Projects office to
be shared with the requester,
Cannot be funded by General
DelDOT funds, Construction and
maintenance will need to be
funded by ‘others” (CTF, county,
HOA, atc.). (resolved)



APPENDIX C.
ROLES AND RESPONSIBILITIES FOR LIGHTING
PROJECTS



Roles and Responsibilities for Lighting Projects

DelDOT’s Traffic Section (“Traffic”)

e Responsible for all lighting design projects on state maintained roadways in the State of Delaware
for which the equipment will be owned, maintained, or funded by DelDOT.

e Responsible for the review of lighting projects that will be installed on state maintained roadways.

e Alllighting plans must be reviewed and/or approved by the Chief Traffic Engineer, Systems Design
Manager, or designee.

e The Traffic Section has two components: Traffic Engineering and Traffic Management &
Operations. Traffic Engineering is made up of multiple groups, which include the Traffic Studies
Group, the Traffic Systems Design Group, and the Traffic Field Operations Group. Traffic
Management and Operations is made up of Traffic Safety and the TMC.

DelDOT’s Traffic Studies Group (“Studies” or “Traffic Studies”)
e Responsible for investigating lighting requests to determine if lighting is warranted.
e The Studies group is only responsible for investigating lighting requests that are on state-
maintained facilities, outside of subdivisions.
e May make recommendations for possible lighting improvements as part of the Highway Safety
Improvement Program (HSIP) or other studies.

DelDOT’s Traffic Systems Design Group (“Design” or “Traffic Design”)
e Completes lighting system designs by coordinating with DelDOT sections, consultants,
contractors, and utility companies, as necessary.
e Handles review of designs developed outside of the department.
e Recommends approval of completed lighting design projects to the Chief Traffic Engineer.
e Develops or reviews specifications and cost estimates for designs.
e Reviews and approves lighting ‘as-built’ plans.

DelDOT’s Traffic Field Operations Group (“Construction” or “Traffic Construction”)

e Handles the installation, construction coordination, and inspection of state-owned lighting
devices.

e Once a lighting project is awarded or handed off, Construction supports the project by
coordinating with the Contractor, the local maintenance District, and utility companies through
all phases of construction.

e  Monitors lighting construction activity throughout the state for Type A projects.

DelDOT’s Traffic Safety Group (“Safety” or “Traffic Safety”)
e Responsible for reviewing, preparing or approving maintenance of traffic (MOT) plans, work zone
safety, work hour restrictions, MOT monitoring during construction, or detour plans, as necessary
for lighting projects.

DelDOT’s Maintenance and Operations (M&O0) Groups (“Maintenance” or “Maintenance &
Operations”)
e Each local M&O district (North, Canal, or South) handles the maintenance and upkeep of existing
DelDOT-owned lighting systems within their District.
e Handle upgrades to wiring, lighting fixture replacement, knock-down repairs, minor upgrade
projects, etc.



e Provide assistance during construction, as needed.

e Review proposed lighting systems and shop drawings from a maintenance perspective.
e Handle acceptance of all constructed state-owned lighting equipment.

e Monitor lighting construction activity throughout the state for Type B/C projects.

e Update the Road Lights Database in Maximo, which is displayed via Google Earth.

DelDOT’s Project Development Section
e Leads the design of all roadway construction projects in Delaware.
e Traffic supports Capital Projects as necessary when lighting designs are included in a project
scope.

DelDOT’s Bridge Section
e Involved in designs that include structure work in Delaware.
e Responsible for the inspection of high mast lights.
e Should be included on any inquiries for bridge lighting designs or changes to existing bridge
lighting.

DelDOT’s Utility Section
e Responsible for any reimbursable utility work for DelDOT projects.
e Organize monthly utility coordination meeting with all utility companies. Each month, one
meeting for New Castle County and one meeting for Kent/Sussex Counties.
e Support and guide light designers for utility coordination, as necessary.

DelDOT’s Community Relations Section
e Responsible for DelDOT’s public outreach.
e Needs to be informed of new lighting construction projects.

DelDOT’s Legislative Projects Section
e Handles requests for lighting from the Community Transportation Fund (CTF).
e Shares CTF requests with Studies Group.
e Coordinates with the local legislators regarding lighting requests.

Consultant
o In lieu of performing a lighting design in-house, DelDOT may request that a private engineering
company (consultant) prepare lighting plans and/or supporting documents. In these cases, the
Consultant is responsible for all data collection and design activities related to that project.
e Responsible for any project-related coordination with the various DelDOT sections and outside
agencies for the life of the project.

Power Company
e The local power company provides electrical service to lighting systems.
o If alighting design is best suited to utilize utility-owned fixtures, then coordination with the local
power company is needed to determine acceptable locations.
e Coordination with the power company is necessary to resolve potential aerial line conflicts during
design.



MISS UTILITY

e  MISS UTILITY is an agency separate from DelDOT.
e Responsible for locating underground utilities on both state and local roadways.

Local Governments

e Includes either municipalities, cities, or counties that may have an operational/safety/aesthetic
interest, financial interest or obligation, or other responsibilities for a lighting project.

e Lighting designers must coordinate with local governments to determine local guidelines and
ordinances that are applicable to lighting projects, such as equipment specific differences.

e Ifalocal government agrees to own or maintain a proposed lighting system, the design can follow
the local government’s standards as long as the illumination and safety criteria of this Policy are
met.

e If lighting projects are located within a municipality or city limits, the designer must follow these
criteria:

1) Local government must be notified of the lighting project during design. The designer should
determine if the local government will require involvement during the design process,
including review.

2) If the project includes changes to any lighting not owned by DelDOT, then an updated
agreement with the local government may be necessary.

3) If an agency outside of the municipality installs new lighting equipment within the limits of
the municipality, but intends to have the municipality take over ownership and future
maintenance of the lighting equipment, then an agreement between the agency and the
municipality is necessary to document the future ownership and maintenance
responsibilities.
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STATE oF DELAWARE

DEPARTMENT OF TRANSPORTATION
BOOD Bay RoanD
P.O. BoxX 778
DovER, DELAWARE 19903

JEMHIFER COHAM
SECRETARY

MEMORANDUM

TO: Mark Alexander
Director of Maintenance & Operations

FROM: Max Saintil M“j’"
Traffic Systems Design Engineer

DATE: February 16, 2018

SUBJECT: Guidance on Retrofitting Existing HPS Lighting Fixtures with LED Equivalents

Due to recent advancements in lighting technology, Light Emitting Diode (LED) fixtures
have become a viable option for roadway lighting. DelDOT initiated a study in 2016, which
evaluated LED lighting systems to determine if their results could be comparable to existing
High Pressure Sodium (HPS) lighting systems. Based on the results, in June 2017 DelDOT
released a memo that formally directed that LED lighting be installed for all DelDOT projects.

DelDOT’s Division of Maintenance and Operations (M&O) is responsible for replacing
existing lighting fixtures that have exceeded their service life. As a result of the memo, existing
fixtures will now be replaced with comparable LED fixtures. Unfortunately, LED lighting
fixtures produced by different manufacturers will never be the same. Also, selecting an
appropriate LED fixture to replace an existing HPS fixture without performing any photometric
analysis is not an easy task. It is not reasonable that photometric calculations be performed each
time an existing HPS fixture needs to be replaced by an LED fixture, With these constraints in
mind, a study was initiated by the DelDOT Traffic section to find equivalent LED fixtures that
could replace existing HPS fixtures. As part of this study, detailed photometric calculations were
performed on LED fixtures from multiple manufacturers using the AGi32 Roadway Optimizer
software. Various scenarios were set up to test the photometric results from the different fixtures,
including assorted mounting heights and fixture spacing’s. The testing resulted in a list of LED
fixtures that DelDOT’s M&O staff can utilize for existing fixtures replacement.

aﬂeﬂﬂfﬁ



LED Equivalents
February 16, 2018
Page 2

A summary of the results of this study is shown in the table below. The table provides a
general comparison of 400 Watt, 250 Watt and 150 Watt HPS fixtures, along with their LED
equivalents. This table is further broken down to include detailed information for the LED
fixtures, such as their wattage, lumens, drive current, and color temperature. The summary table
also includes a section for ‘Other’ LED Luminaire, which displays the required parameters that
have to be satisfied, should the user choose to select a different manufacturer or fixture.

The intent of this table is to provide guidance on one-to-one replacement of existing HPS
fixtures only as requested by DelDOT M&O staff, as well as other municipalities who maintain
their own lighting. If new lighting equipment is to be installed with any new construction or
reconstruction projects, a photometric analysis would be required to determine optimized light
fixture spacing and photometric values.

ce: Mark Luszcz, Assistant Director / Chief Traffic Engineer
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Retrofitting Table for LED Fixtures

e
LED Luminaires - 400 Watt HPS Equivalent LED Luminaires - 250 Watt HPS Equivalent LED kGminaires - 150 Watt HPS Equivalent
~N s
Cooper Cooper Cooper
NAV-AF-06-D-UNV-SL2-800 NAV-AF-04-D-UNV-SL2-800 NAV-AF-02-D-UNV-SL2-800

Wattage Lumens Drive Currnt Color Temperature Wattage Lumens Drive Currnt Color Temperatu Wattage Lumens Drive Currnt Color Temperature

249 28,532 800mA 4000K 171 19,324 800mA 4000K 85 9,648 800mA 4000K

~N d
Philips Philips Philips
RFL-241W112LED4K-G2-R2M-UNV \KFL-145W64LED4K-G2-RZM-U RFM-80W48LED4K-G2-R2M-UNV

Wattage Lumens Drive Current Color Temperature Wattage \Jmens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature

243 30,527 700mA 4000K 137 17\,4{4 700m5/ 4000K 81 10,077 530mA 4000K

~ e
AEL Autobahn AELAutoiahn AEL Autobahn
ATB2-80BLEDE85-MVOLT-R2 ATB2-60BL -MVOLT-R2 ATB2-40BLEDE70-MVOLT-R2

Wattage Lumens Drive Current Color Temperature Wattage Lumens Driv}QJrrent Color Temperature Wattage Lumens Drive Current Color Temperature

214 27,086 850mA 4000K 130 18% 700m\ 4000K 88 11,607 700mA 4000K

L ~
'Other' LED Luminaire 'Other' LED Luminaire 'Other' LED Luminaire
400 Watt HPS Equivalent 250 Watt HPS Equivalent 150 Watt HPS Equivalent
Wattage Lumens Drive Current Color Temperature Watjage Lumens Drive Current Color Témperature Wattage Lumens Drive Current Color Temperature
250 (Maximum) | 27,000-31,000 | 850mA (Maximum) 3,000K-4,500K 175/(Maximum) 16,000-20,000 | 850mA (Maximum) 3,000K—4,\5QQK 90 (Maximum) 8,000-12,000 | 850mA (Maximum) 3,000K-4,500K

General Notes:

1. This table does not apply to roadways wider than four la
2. Performance evaluation does not include service life €6st comparisons.

3. Distribution Type (II, Ill) for existing HPS fixtures

4. It is suggested that the statewide lighting da

5. This table satisfies the requirements of

es not affect the appropriate LED choice.

ase be reviewed and updated prior to any LED replacements.

'LED Luminaire - 150/250/400 Watt Equivalent' specifications.
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Updated Retrofitting Table for LED Fixtures

LED Luminaires - 400 Watt HPS Equivalent

LED Luminaires - 250 Watt HPS Equivalent

LED Luminaires - 150 Watt HPS Equivalent

Lumec Lumec Lumec RFIV
RFL-215W96LED-4K-G2-R2M-UNV RFL-145W64LED-4K-G2-R2M-UNV 80WA48LED-4K-G2-R2M-UNV
Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature
207 28,742 700mA 4000K 137 19,162 700mA 4000K 81 11,153 530mA 4000K
AEL Autobahn AEL Autobahn AEL Autobahn
ATB2-80BLEDE85-MVOLT-R2 ATB2-60BLEDE70-MVOLT-R2 ATB2-40BLEDE70-MVOLT-R2
Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature
214 27,086 850mA 4000K 130 18,193 700mA 4000K 88 11,607 700mA 4000K
'Other' LED Luminaire 'Other' LED Luminaire 'Other' LED Luminaire
400 Watt HPS Equivalent 250 Watt HPS Equivalent 150 Watt HPS Equivalent
Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature Wattage Lumens Drive Current Color Temperature
250 (Maximum) | 27,000-31,000 | 1050mA (Maximum) 3,000K-4,000K 175 (Maximum) | 16,000-20,000 | 1050mA (Maximum) 3,000K-4,000K 90 (Maximum) 8,000-12,000 | 1050mA (Maximum) 3,000K-4,000K

General Notes:

1. This table does not apply to roadways wider than four lanes.
2. Performance evaluation does not include service life comparisons.
3. Distribution Type (Il, 1ll) for existing HPS fixtures does not affect the appropriate LED choice.
4. Itis suggested that the statewide lighting database be reviewed and updated prior to any LED replacements.
5. This table satisfies the requirements of the 'LED Luminaire - 150/250/400 Watt Equivalent' specifications.
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LIGHTING DESIGN CHECKLIST



Lighting Design / Modification Request Form

DelDOT 169 Brick Store Landing Road, Smyrna, DE

This form, as well as the attached Lighting Design Checklist, should be completed for all new lighting systems and for
all existing lighting systems requiring design modifications on state-maintained highways in the state of Delaware.

Location: Lighting: 1 New (Proposed)

O Existing (Location Description:

County:

If new, lighting warrants met:
Warranted as per Flow Chart
Warranted as per Evaluation Form (attach form)

ooao

Warranted as per Special Condition (attach additional
information)

If existing, proposed changes:

O Equipment Upgrades

O service Upgrades

O other
Requested By: Date:
Recommended By: Date:

(DelDOT / Consultant) (Circle One)

Approved By: Date:
(DelDOT Chief Traffic Engineer or Designee)

Lighting Plan Review Checklist (attached)

Completed By: Date:
(DelDOT / Consultant) (Circle One)

Checked By: Date:
(DelDOT)

Approved By: Date:
(DelDOT)

Form Date: 04/18/2018 Page 1 of 4
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= DELDOT LIGHTING PLAN REVIEW CHECKLIST

{e=—]
DelDOT

| Yes |

No

| N/A |

Comments

The following items are included and shown correctly on the Plan Sheets:

Existing and proposed conditions (Only

Existing Lighting Information (Properly Identified or Note

Existing lighting plans have been verified

Site characteristics have been inventoried
and examined

Existing lighting equipment to be removed

pertinent information should be shown on O O O
plans. All other levels should be turned off.)
e Limits of work O O
e Base mapping O O
o North arrow O O
e Correctscale O O
o Baseline O O
e Matchlines O O
e Consultantlogo O O
e Legend O O
¢ Right-of-way lines and labels (existing and
proposed) O O
e Permanent striping shown O O
o Equipment within Right-of-Way O O
e Overhead utilities (heights indicated) O O
o General Notes O O
e Street names O O
¢ Route numbers with cardinal direction
(e.g. 1-70 (WBL)) and road names O O
e Current borders / signature / revision block O O
e Project specific details (if required) O O
e Circuit diagram included O O
d)
O
O
O

is noted

o o |Od

Proposed Lighting Information (Properly Identified or Not

N

Appropriate lighting structures and foundations

Appropriate lighting structure configuration /
placement

o0 Alternative pole/foundation

configurations are used where applicable

Lighting controller cabinet location and type

o0 Cabinet location permits safe access by
maintenance

0 Cabinetis located near a power source
(if possible)

o Cabinetis protected (if needed)

0 Cabinet does not restrict driver visibility

Lighting fixtures/poles are numbered and
placement is correct

All lighting equipment meets clear zone
requirements

O |g (OO0 (O gob (o |O

O |\Oo ([Ooo O oo o Og

0O o [ooo o oP |o |of |o |o o oooo [oooooo |oooooooo

Form Date: 04/18/2018

Page 2 of 4



&&r DELDOT LIGHTING PLAN REVIEW CHECKLIST

DelDOT

Yes

N/A

Comments

Junction wells are appropriately located

O

O

Junction wells, conduit and wire are correct

size and type

Availability of electrical power coordinated

with utility company

o0 Power service with pole number and

transformer number identified

0 Confirm cabinet / service pedestal /

electrical service equipment locations

are constructible as shown

e Metered service pedestal

e Utility pole or transformer number

labeled

o Confirm service load is available

Conduit sizes accommodate fill

requirements (26% maximum fill for new

construction, 35% for modifications)

Conduit run schedule included

Lighting standard schedule included

Numbering is correct

Legend matches plan design

Maintenance of Traffic

Standards specified as needed

o oooo o oo o o o o o

O [Ooooo o OO0 O o o (o |0 |gOg

o \oooo o oo o o o o o

Other Design Considerations

Equipment locations do not hinder
maintenance activities

Equipment is installed on appropriate slopes

Other facilities within the project limits
with existing lighting are noted

Lighting design is not in conflict with any utilities

Lighting design is not in conflict with drainage

Design is in accordance with Federal and

DelDOT standards

Utilities

Overhead utility conflicts avoided

Underground utility conflicts avoided

Utility relocations coordinated

0 Utility relocation details provided (if required)

Overhead clearance callouts at cable

crossing with lighting structure are provided

Test hole schedule identified

oo |Hoool o [ooo (oo

0o |O0oOoono) o |[Ogo (0o

Oo |ooool o Oogob |[oo

Form Date: 04/18/2018

Page 3 of 4



&&r DELDOT LIGHTING PLAN REVIEW CHECKLIST

DelDOT
Yes No N/A Comments

Right-of-Way
e Adequate right-of-way is available for

proposed pole locations O O O
e Required right-of-way acquisitions are noted

(if needed) O O O
e Easement for special purpose is noted (if

needed) O O O
Additional Plan Sheets
e Cover sheet O O O
e Index sheet O O O
e Legend sheet O O O
e Project notes sheet O o 0O

Form Date: 04/18/2018

Page 4 of 4
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STANDARD LIGHTING TITLE SHEET



[ SHEET: TCO1 ]
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SEAL

THE STATE OF DELAWARE
DEPARTMENT OF TRANSPORTATION

A

CONTRACT NUMBER:

CONSTRUCTION PLANS FOR:

SR 1 AND US 113 SPLIT LIGHTING
EVALUATION AND DESIGN

17202004001

FEDERAL AID PROJECT NUMBER:

COUNTY: KENT

SR 1 DESIGN DESIGNATION

U.S. CUSTOMARY

UNITS

FUNCTIONAL CLASS: ARTERIAL D.H.V. PROJECTED: N/A YEAR: N/A
TYPE OF CONSTRUCTION: ROADWAY LIGHTING DESICN SPEED: N/A

AAD.T. CURRENT: 25628 YEAR: 2018 TRUCKS: N/A

AAD.T. PROJECTED: N/A YEAR: N/A DIRECTION OF DISTRIBUTION: N/A
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DESIGN PARAMETER REQUIRED PROVIDED DATE
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APPROVED FOR ADVERTISEMENT

CHIEF OF TRAFFIC ENGINEERING DATE

LIMITS OF
CONSTRUCTION

5 PATROITS PASS
6 MINUTE MAN LA

8 WILLIAMSBURG DR

9 /PATRICK HENRY LA
10 BETSY ROSS CIR

LIMITS OF
CONSTRUCTION

2 MILMNPONB® DR )
3 WETHERBUR AVE 19
4 COLONIAL LA

7 COMMONWEALTH C

Tubmill
Pond

<
S, BIRCHWOOD ¢

Q

all. Jp o SPRuce

LOCATION MAP
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APPENDIX G.
SAMPLE PLAN — SMALLER INTERSECTION
LIGHTING DESIGN

1.Cedar Lane Rd and Marl Pit Rd Intersection Improvements
2.US 40 from Church Rd/Wellington Rd to Rockwood Rd



LEGEND

LIGHTING STANDARD SCHEDULE /,/x /

NO. | CIRCUIT NO.] STATION OFFSET | ARM | HE IGHT L IGHT STANDARD /. o SYMBOL DESCRIPTION

1 A 510+64 40.6'R| 12 40’ | NAV-AF-04-D-UNV-SL3-800, 171W LED LUMINAIRE g -
N , V4 V4 - - - - - - I, e
\\\ 2 B 426+22 50. 3, L 72, 40/ NAV-AF-04-D-UNV-SL3-800, 171W LED LUMINAIRE g o - @ PROPOSED LIGHTING CONTROL CABINET AND
z 3 A 427+45 43. 4 R 12 40 NAV-AF-04-D'UNV-SL3-800, 171W LED LUMINAIRE ',' %QQ CABINET IDENTIFIER (TYPE OF CABINET)
o - 4 B 514+57 46. 2’ R 12/ 40’ NAV-AF-04-D-UNV-SL3-800, 171W LED LUMINAIRE e ﬁ

\\\ 5 A 513+33 51.4°R 12/ 40’ NAV-AF-04-D-UNV-SL3-800, 171W LED LUMINAIRE /',' & @ PROPOSED LICHTAG. SERVICE fUN. AND
N 6 B 424+13 41. 7’ R 12° 40’ NAV-AF-04-D-UNV-SL3-800, 171W LED LUMINAIRE /) %GI#I\BGEE;%ICEEI’%l‘%EIDggLI)HER
~ T ‘\Q\tIGHTING STANDARD STATIONS AND OFFSETS ARE TO CENTER OF POLE BASE. //
\ ~~*~ ~ z,

S mm ==
—

- @ PROPOSED JUNCTION WELLS AND
JUNCTON WELL  IDENTIFIER
(TYPE OF JUNCTION WELL)

==

—e & PROPOSED LEWITAG STANDARD A0
PROPOSED POLE BASE IDENTIFIER
\X/ (TYPE OF POLE BASE)
El PROPOSED SERVICE PEDESTAL
N —t 7 e LIGHTING SERVICE SCHEDULE
' ' ¥ & SERVICE | DISTANCE DESCRIPT ION INSTALLAT ION
7 (IW 1 22.0° | (3)#2 + (1)82 GND IN 2” GALVANIZED CONDUIT DIRECT BURIAL
\J_/ 28.0" | (3)#6 + (1)#6 GND IN 47 SCH 80 PVC CONDUIT DIRECT BURIAL
(PB\ 3 27.0° | (2)#6 + (1)#6 GND IN 4” SCH 80 PVC CONDUIT DIRECT BURIAL
\6 / [ SR 4 41.0° | (2)#6 + (1)#6 GND IN 3 SCH 80 PVC CONDUIT DIRECT BURIAL
(P \J0/ 5 101.0° | (3)%#6 + (1)#6 GND IN 4 SCH 80 PVC CONDUIT DIRECT BURIAL
P, 6 121.0° | (2)#6 + (1)#6 GND IN 3 SCH 80 PVC CONDUIT DIRECT BURIAL
7 94.0° | (2)#6 + (1)#6 GND IN 4” SCH 80 PVC CONDUIT DIRECT BURIAL
8 31.0° | (2)#6 + (1)#6 GND IN 3 SCH 80 PVC CONDUIT DIRECT BURIAL
9 71.0 | (2)#6 + (1)#6 GND IN 3” SCH 80 PVC CONDUIT DIRECT BURIAL
/ 10 79.0° | (2)#6 + (1)#6 GND IN 4” SCH 80 PVC CONDUIT DIRECT BURIAL
\ ; /ff\!‘\ 11 123.0° | (2)#6 + (1)#6 GND IN 4” SCH 80 PVC CONDUIT DIRECT BURIAL
i T 12 122.0° | (2)#6 + (1)#6 GND IN 3” SCH 80 PVC CONDUIT DIRECT BURIAL
N VY SR\
< \\\“ﬂ}‘g':'/ ‘..\ 13 45,0 | (3)#6 + (1)#6 GND IN 3% SCH 80 PVC CONDUIT DIRECT BURIAL
(R / g NG

LIGHTING NOTES

1. PROJECT TO PROVIDE 120 /240 v POWER SERVICE FOR LIGHTING SYSTEM ON SOUTHEAST
CORNER OF MARL PIT ROAD AND CEDAR LANE ROAD.

2. LIGHTING STANDARD STATIONS AND OFFSETS ARE TO CENTER OF POLE BASE.

. PLACE LST *1 MAST ARM AT 6 DEGREE COUNTERCLOCKWISE ANGLE FROM THE
N ‘ : PERPENDICULAR TO THE MARL PIT ROAD CONSTRUCTION BASE LINE
NS (STATION 510+64, OFFSET 4@.6' R).

4. PLACE LST ®*2 MAST ARM AT 58 DEGREE CLOCKWISE ANGLE FROM THE PERPENDICULAR
TO THE CEDAR LANE ROAD CONSTRUCTION BASE LINE (STATION 426+22, OFFSET 50.3' L).

5. PLACE LST #4 MAST ARM AT 10 DEGREE COUNTERCLOCKWISE ANGLE FROM THE
PERPENDICULAR TO THE MARL PIT ROAD CONSTRUCTION BASE LINE
(STATION 514+57, OFFSET 46.2° R).

6. PLACE LST *5 MAST ARM AT 28 DEGREE COUNTERCLOCKWISE ANGLE FROM THE
PERPENDICULAR TO THE MARL PIT ROAD CONSTRUCTION BASE LINE
(STATION 513+33, OFFSET 51.4' R).

7. PLACE LST *®*6 MAST ARM AT 11 DEGREE COUNTERCLOCKWISE ANGLE FROM THE
PERPENDICULAR TO THE CEDAR LANE ROAD CONSTUCTION BASE LINE
(STATION 424+13, OFFSET 41.7° R).

8. PROJECT TO UTILIZE NAVION STREETWORKS 171W LED LUMINAIRE WITH TYPE 3 DISTRIBUTION
AND 400K COLOR TEMPERATURE AS SHOWN IN THE SCHEDULE.

N,

S~
~ -
-
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|

|

|

ARM TO [INCLUDE EXTERNAL DAMPER LED LUMINAIRE - 250 WATT HPS EQUIVALENT. |

V] (CONTROL#504373 & (2)#504374) SEE MANUFACTURER"S CUT SHEET FOR |

; ACTUAL SI/ZE. THIS DETAIL OF LUMINAIRE |

; == IS FOR VISUALIZATION PURPOSES ONLY. |

/] I o |

/ | m@émm? / GENERAL NOTES: (LIGHTING) 1

/] |

7 B CBUN TAPERED AL UL / f. ALL ELECTRICAL WORK SHALL BE PERFORMED AND ALL MATERIAL PROVIDED SHALL BE IN ACCORDANCE 1

3 | ' WITH THE NATIONAL ELECTRIC CODE OF THE NATIONAL FIRE PROTECTION ASSOCIATION, TO ALL LOCAL ;

N 28 AND SPECIAL LAWS, AND/OR TO ORDINANCES GOVERNING SUCH MATERIAL. CODE SHALL BE CONSIDERED ;

7\ N 5 % 0D TENON 3" NOM. THE MINIMUM REQUIREMENTS FOR THE ELECTRICAL WORK AND IF THERE IS A CONFLICT BETWEEN THE ;

6" N N FOR 6" 0D POLE TOP REQUIREMENTS SPECIFIED IN THE CONTRACT DOCUMENTS AND THE CODE, THE MORE STRINGENT ;

13" N N REQUIREMENT WILL APPLY AS DETERMINED AND APPROVED BY THE ENGINEER. WHEN THESE REQUIREMENTS ;

N N 40" -0" MOUNTING HE IGHT DO NOT GOVERN, AND WHERE NOT OTHERWISE SPECIFIED, ELECTRICAL MATERIALS SHALL CONFORM TO ;

N (THIS IS THE HEIGHT OF THE LUMINAIRE ABOVE THE ROADWAY, THE STANDARDIZATION RULES OF THE INSTITUTE OF ELECTRICAL ENGINEERS. ;

3 §§ §§ SEE LIGHTING STANDARD SCHEDULE FOR ACTUAL POLE HEIGHT) }

N 2\ . 2. THE CONTRACTOR SHALL PROVIDE AND SECURE ALL ELECTRICAL INSPECTIONS AS REQUIRED AND PAY ;

[ (2) %" STN. STL. BOLTS S-- 576" RADIUS (12' ARMS) FOR THE SAME. THE ELECTRICAL CONTRACTOR SHALL OBTAIN AT HIS EXPENSE ALL NECESSARY PERMITS ;

‘ NUTS, & NYLON FLAT WASHERS AND CERTIFICATES AS REQUIRED. ;

(11/16” DIA FACTORY DRILLED HOLES) ‘

3. BURIED ELECTRICAL CABLE AND CONDUIT, AND OTHER UTILITIES MAY EXIST THROUGHOUT THIS PROJECT. 1

TUBES HAVE ALL UNDERGROUND AND OVERHEAD UTILITIES SHOWN ON THESE PLANS ARE SCHEMATIC ONLY AND MAY NOT 1

RO, e BE COMPLETE. THE CONTRACTOR SHALL BE RESPONSIBLE FOR NOTIFYING MISS UTILITY PRIOR TO THE 1

) ) : : - ! BEGINNING OF CONSTRUCTION FOR UTILITY MARKOUTS. THE CONTRACTOR IS RESPONSIBLE FOR PREVENTING 1

1” WIDE x 6" 0D i 13 FLUSH JOINT DAMAGE TO THEM, AND MAINTAINING THEM IN SERVICE WHEN AND WHERE REQUIRED. THE CONTRACTOR 1

POLE WALL THK P 6% 0D DAVIT - SEE DETAIL THIS SHEET SHALL VERIFY THE EXACT LOCATIONS PRIOR TO COMMENCING WORK. IF THE CONTRACTOR PERCEIVES THAT 1

TRANS ITION RING _ ” f WATERTAL SPECTFICATION A CONFLICT MAY OCCUR, THE CONTRACTOR SHALL NOTIFY DELDOT TRAFFIC IMMEDIATELY PRIOR TO :

E: INTERNAL DAWPERIT POLE & DAVIT TUBES [6063-T6 COMMENC ING CONSTRUCTION IN THAT AREA. :

z 5 Loc. 273 Her ) ANCHOR BASE AA356-T6 ;

> FLUSH JOINT DETAIL = OF POLE BOLT COVERS AA3S6 4, THE ELECTRICAL CONTRACTOR SHALL GUARANTEE ALL WORK MATERIAL AND LABOR TO BE FREE FROM DEFECTS *

= = |3 ﬁ:gngg ggHSN”TS ﬁg%éfggf&gs FOR A ONE YEAR PERIOD FROM THE TIME OF OWNER ACCEPTANCE. ANY DEFECTS OCCURRING DURING THIS

: S TN TL FARDTARE—T RIS T=300 SERIES STR.STL. PERIOD SHALL BE CORRECTED BY THE ELECTRICAL CONTRACTOR AT NO ADDITIONAL COST TO THE OWNER.

2= TRANSFORMER BASE AA356-T6

- S R S T-BASE FARDWARE — TASTV-A325 GALV. 5. CONDUIT RUNS ARE SHOWN IN APPROXIMATE LOCATIONS. THE CONTRACTOR SHALL LOCATE THE CONDUIT

5 172" 38 114 38 172" Y 2 < RUNS IN A MANNER THAT AVOIDS CONFLICTS WITH ALL EXISTING AND PROPOSED FEATURES AS FIELD ;

N 1/4" IR I i i B 17 g CONDITIONS DICTATE AND AS APPROVED BY THE ENGINEER. w

< B T - 4" X 8" CURVED HANDHOLE FRAME & 1

y 4 O O\ ‘. S / e B e w e oR 6. ALL GALVANIZED CONDUITS(GRC) SHALL BE REAMED AND THREADED. ALL GRC SHALL BE THREADED TOGETHER

N ! 18* GRD. CONN. (REQUIRED ONLY FOR WITH APPROVED COUPLINGS. SET, SCREW, BOLTED AND COMPESSION FITTINGS ARE NOT ACCEPTABLE. ‘

Z 5 S ANCHOR BASE DESIGNS) ;

- CIRCUIT NUMBER i < CAST ALUN. TRANSFORMER BASE 7. TERMINATE ALL GALVANIZED CONDUITS WHEN ENTERING ENCLOSURES WITH LOCKNUT AND BONDING BUSHINGS. 1

= (SEE DETAIL - REQ'D ONLY FOR ALL OTHER GALVANIZED CONDUITS SHALL BE PROVIDED WITH BONDING BUSHINGS. ALL GALVANIZED CONDUITS 1

) = 2 D TRANSFONER BASE DESIGNS) SHALL BE BONDED WITH GROUND WIRE. 1

[ * |

— ~ |

> a 8. COLOR CODING SHALL BE PROVIDED THROUGHOUT THE ENTIRE NETWORK FOR SERVICE,FEEDER, BRANCH 1

= . AND CONTROL CONDUCTORS. EACH PHASE SHALL BE AN INDEPENDENT COLOR. CONDUCTORS SHALL HAVE :

|

: POLE NUMBER ———— 2. DAVIT ARM LIGHT POLE DETAIL FACTORY IMPREGNATED COLOR THROUGHOUT THEIR ENTIRE LENGTH. PHASE TAPING IS NOT PERMITTED. 1

= N T. s 9. THE CONTRACTOR SHALL NOTIFY TOWN OF MIDDLETOWN TWO WEEKS IN ADVANCE TO ARRANGE FINAL POWER

© © NOTES: CONNECTIONS. |

Z > 1. HEAT TREAT POLE & DAVIT TO -T6, TEMPER AFTER WELDINC. |

§> 2 NI Pt & DAVIT SHALL BE SATIN FINISHED POL ISHED 10. ALL FUSED CONNECTIONS SHALL BE MADE IN THE POLE BASE. SPLICES IN JUNCTION WELLS SHALL NOT BE FUSED. |

a 0 3. DESIGNED IN ACCORDANCE WITH STANDARDS ESTABLISHED BY THE |

2| LED LAMP WATTAGE — 1~ < LATEST EDITION OF AASHTO REQUIREMENTS. 11. THE CONTRACTOR SHALL VERIFY ALL DIMENSIONS AND CONDITIONS AT SITE PRIOR TO WORK. WORK INCLUDES

= 4. TRANSFORMER SHALL MEET THE STANDARDS ESTABL ISHED BY THE FURNISHING LABOR, MATERIAL, EQUIPMENT AND SERVICE NECESSARY AND INCIDENTAL TO PROPER COMPLETION ;

m . : OF THE ELECTRICAL WORK AS SHOWN. MINOR ITEMS,ACCESSORIES OR DEVICES NECESSARY FOR COMPLETION w

5 . . ARY !

o \O O/ [ > DOCMAINTAIN. A NONINAL FIXTURE HOUNTING HE|GHT (OF 30 OR 40° AND PROPER OPERATION OF ANY SYSTEM SHALL BE PROVIDED WHETHER OR NOT THEY ARE SPECIFICALLY

g \ _ . ! AS SPECIFIED ON PLANS) ABOVE THE ROADWAY. THE CONTRACTOR CALLED FOR BY SPECIFICATIONS OR DRAWINGS. w

K > © © > ] SHALL BE RESPONSIBLE FOR DETERMINING THESE MEASUREMENTS, ;

: Ty e Dy T Y QAL NOT EXCEED 1o+, - NAIRES: THE DIFFERENCE I HETGHT 12. ALL CONDUITS, JUNCTION WELLS, LIGHTING STANDARDS, ETC. SHALL BE STAKED OUT AND EVERY LOCATION 1

= o ~ O APPROVED BY THE ENGINEER BEFORE ANY WORK IS DONE.

[ ' |

5 TYPICAL POLE D. TAG 13. ALL STATION AND OFFSET INFORMATION SHOWN ON THE PLANS FOR PROPOSED L IGHTING STANDARDS IS TO 1

_ o THE CENTER OF THE POLE BASE. ‘

z | (4) 17 X 4 172" CONN. BOLTS 14, SPLICES FOR ALL ROADWAY LIGHTING ELECTRICAL CABLES SHALL BE COMPLETED USING APPROVED SPLICE KITS ;

= — W/ HEX NUTS & FLAT WASHERS OR METHODS APPROVED BY THE ENGINEER AND SHALL BE INCIDENTAL TO THE SUPPLY AND INSTALLATION OF ;

s | VAR10US ROADWAY LIGHTING ELECTRICAL CABLES. ‘

N PAVEMENT OR 1

2 SOD CAST ALUMINUM s ACCESS DOOR ‘

= TRANSFORMER BASE 15, ALL PROPOSED DAVIT ARM LIGHTING STANDARDS SHALL BE PROVIDED AND INSTALLED WITH BREAKAWAY w

. (FRANGIBLE) TRANSFORMER BASES 1

< MARK ING TAPE EINISH RA ¢ 1/2°-13 TAP FOR 3/8" THK. GALV. FLAT ' |

S GROUND CONN. \ WASHER (INSIDE @ BOTT.) 16. ALL LIGHT POLE FOUNDATIONS SHALL BE DELDOT STANDARD POLE BASE TYPE 6 (STD. NO. T-5). }

z Al 1" X 36" X 4" ANCHOR BOLTS w

% RE T/ W HEX. NUTS, TOP 127 GALV. 17. UNDERGROUND CONDUIT SHALL BE SLOPED TO DRAIN TO NEAREST JUNCTION WELL. IF THIS CANNOT BE

= ~NZ (2) 1/16" THK. GALV / (3% PROJ.) ACCOMPL ISHED, PROVIDE A DRAINAGE TEE AT LOW POINT OF CONDUIT RUN. DRAINAGE TEES SHALL BE ;

= — SUITABLE BACKFILL ' ' INCIDENTAL TO SUPPLY OF CONDUIT. ‘

z R y MATERIAL, COMPACTED SHIMS PER POLE ;

7 NE 7 IN 6% LIFTS S 18. RIGID GALVANIZED STEEL CONDUIT SHALL BE USED FOR ELECTRICAL SERVICE. SCHEDULE 80 PVC 1

& 7 ol 3R CONDUIT SHALL BE USED IN TRENCHES. SCHEDULE 80 HDPE CONDUIT SHALL BE USED FOR BORES.

% 1 B ‘

- — ‘ o = 19. CONTRACTOR SHALL VERIFY THE LUMINAIRE DETAIL WITH THE LED SUPPLIER. 1

= ‘ = ] i

; LOE |

% 1 1

|

; TRANSFORMER BASE DETAIL PREPARED BY i

- TYPE € BORROW DELDOT — TRANSPORTATION SOLUTIONS I i

» TRAFFIC DESIGN SRR |

L g & T % |

= NOTES: 1. TRANSFORMER BASE SHALL BE PROVIDED WITH ALL LIGHT : iNo.14933; 2|

. SURTED CONDUIT DETAIL POLES, WHETHER PROTECTED OR UNPROTECTED, UNLESS sy o Foe s |

p OTHERWISE NOTED, Ve (iaver thel 02/12/2019 | “ZtamS s |

22 2. REFER TO NOTES FOR THE ANCHOR BASE DETAIL FOR TR TRIT TS e —— i ONAL R ;

o 7 |

20 CONDITIONS WHERE AN ANCHOR BASE IS REQUIRED. THIS SEAL APPLES TO ALL SHEETS o - 1

© 0 ADDENDA / REVISIONS CONTRACT BRIDGE. NO. SECTION l

CEDAR LANE ROAD A e

gg; NOT TO SCALE AND MARL PIT ROAD — DESIGNED BY:  NT LIGHTING DETAILS 1
Ll
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|
|
|
|
N A B ,///_ i
LIGHTING CABINET, % 1
TYPE R\ = 1
u | i ——— ;
120/240 VOLT, 100 AMP—__ B | | | w
2 POLE SOLID NEUTRAL, 2" RGS CONDUIT WITH 100 AMP ol _@I I N, |
UNFUSED DISCONNECT SWITCH 120/240 VOLT, SINGLE-PHASE, ) i :
3-WIRE ELECTRICAL SERVICE 1
FINISHED GRADE 1
MVQ—‘ ] TN N NEUTRAL (3)%12 _<: T |
- A LINE 1 ;
B LINE 2 ° }
|_ | GH _|_ | NG CONTROL AND (1) 100 AMP ENCLOSED MAIN CIRCUIT BREAKER i
(2 100 AWP CONTACTOR @ l
DISTRIBUTITON ENCLOSURE (SIDE VIEW) () PHOTGELECTRIC CELL ' =] ?
(#) SELECTOR SWITCH o {% I'?)_ [e :MAN i
(5) 20 AWP TNO POLE BREAKER |\g | OFF }
(6) CONTROL CABINET 111 Q_ OTmumo ;
(7) 15 AMP SINGLE POLE BREAKER 1L — ® i
LIGHTING ARRESTOR lL" T 1® }
— —d
i_ 4 L 4 i
= |
2" RGS CONDUIT WITH 100 AMP ' 1
- 120/240 VOLT, TWO PHASE, = ¢ 1
i 3-WIRE ELECTRICAL SERVICE PHOTOCELL(MTD TO SIDE OR REAR OF CABINET) 0 s I o ROADKAY 1
I |
UTILITY NETER "~ LIGHTING CABINET, ® ch Glop oo Lk ;
- TIPE I *
T 4" RGS CONDUIT TO EGUIPVENT 1
(o] |
2 2" RGS CONDUIT T LIGHT POLES (TYP.) DISTR IBUT 10N 1
= ELECTRICAL SERVICE FINISHED GRADE CABLE s1zEs. (® 1
“ T~ M3 1T .57 T 0 i 1
% D)= == _~"~"° ] }
< 3/4" X 10’ STEEL-/’J‘L . 2 AWG r\3/4"x10' STEEL COPPER | 1
z COPPER CLAD T =%#2 AWG | CLAD GROUND ROD (No. VoA g ;
GROUND ROD CABINET BASE 1 AS NEEDED TO MEET o 1
|
ﬁ (STD. T-4) RESISTANCE-MIN. 4) = T .o m }
un |
= T |
= [Gr :
ELECTRICAL SERVICE ON AR 3
@ |
: PEDESTAL AND LIGHTING CONTROL AND //\\ ;
@ = |
S DISTRIBUTION ENCLOSURE (FRONT VIEW) e = ;
& ¢ 1
@ 1
Ju =1 |
|
U |
: (s3] Lt 1] NOTE: ALL FIXTURES ARE 171W LED LUMINAIRES :
- i
- |
@ +== LIGHTING STANDARD +== LIGHTING STANDARD PROPOSED LOAD CENTER CABINET SCHEMATIC WIRING i
o DIAGRAM POWERING |
S| 2-#10 AWG THAN TO LUMINAIRE ———~_ CROUND TO' LUMINATRE 2-%10 ANG THEN TO LUMINAIRE ==~ _ CROUND TO LUMINAIRE LIGHTS #1-%6 3
5 S S /== INLINE_UNFUSED CONNECTOR FOR v, 1
P S p N/ EACH UNUSED PHASE WIRE :
b |
H— ’ |
= PHASE WIRE (SIZE AS =—=--~ N PHASE WIRE (SIZE AS ----~ N : ‘
. NOTED ON PLANS) TRANSFORMER BASE NOTED ON PLANS) TRANSFORMER BASE LIGHTING PANEL SCHEDULE ;
s WITH *Y' CONNECTOR WITH “ Y’ CONNECTOR B OLTACE 120,240 ;
- FUSED AT 5 AMPS GROUND ING LUG FUSED AT 5 AMPS GROUNDING LUG NUMBER OF POLES: 6(MIN) ENCLOSURE: TYPE R, NEMA 3R i
L GROUND BUS RAT ING: 100X PANEL MIN. A. |I.C. RATING: 10KA |
= NEUTRAL (SIZE AS NOTED ---4----- *6 GROUND NEUTRAL (SIZE AS NOTED---4----- #6 GROUND MAIN BUS RAT ING: 100 AMP LOCAT ION: MARL PIT RD, SOUTH OF ROUNDABOUT |
< |ON PLANS) WITH ‘Y’ UNFUSED ON PLANS) WITH ‘Y’ UNFUSED MAIN RAT ING: 100 AMP, 1P MCB ;
CONNECTOR CONNECTOR CIRCUIT| CIRCUIT| DESCRIPT ION LOAD/PHASE | DESCRIPT ION |CIRCUIT| CIRCUIT 1
,~== BOLTED GROUND ,~== BOLTED GROUND NO. BKR L0AD] L7 | L2 |L0AD BKR NO. ;
z POLE FOUNDATION----- . FONNEETION POLE FOUNDATION----- . FONNECTION 1 LST 1,3,5 |513|513|513|513| LST 2,4,6 2
@ | (STD TYPE 6 UNLESS \ ‘ L || _-=== GROUND ROD -3/4"DIA. x20’ (STD TYPE 6 UNLESS \ _ _ _-—== GROUND ROD -37/4"DIA. x20’ 1
© | MOUNTED ON BARRIER) 7 e i LONG COPPER-CLAD STEEL MOUNTED ON BARRIER) H——=7" LONG COPPER-CLAD STEEL 3 N/A i R R N/A 4 1
= ,’l /! 1], Rt | ].-°7 204 204 }
S| GROUNDING BUSHING---------- ’ ig GROUND ING BUSHING----t---- 2 g > N/ A T | N/ A 6
N L1 | I |
= y 7 i i 4 i i 7 N/A S IR IR N/A 8 i
= STUBBED CONDUIT---------- ‘ P : ;
TOTALS | 513|513 ;
o TYPICAL LUMINAIRE CONNECTION TYPICAL LUMINAIRE CONNECTION 0T AL CONNECTED VA LoAD | 1026 1
i 120/240V _SERVICE 120/240V_SERVICE :
(e}
> END OF RUN CONT INUOUS RUN
o :
> PREPARED BY SIXSWE T, 1
s DELDOT — TRANSPORTATION SOLUTIONS SacENsE R |
£ B
- WIRING SCHEMATICS IN TRANSFORMER BASE TRAFFIC DESIGN S
% :‘-,_-_%E-._ND' 14933:55;_:" i
= g _— % S |
Zg 7 iee- (Hatael /j%w] 02/12/2019 %&%:::w@
< namn w
- THIS SEAL APPLIES TO ALL SHEETS DATE 1
ﬁ% BEARING THE “TD” SECTION DESIGNATION. SEAL |
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WS NOT TO SCALE AND MARL PIT ROAD — DESIGNED BY: T LIGHTING DETAILS araarom B
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|
|
| LIGHTING SYMBOL LEGEND
| PANELBOARD SE LIGHTING SERVICE SCHEDULE
| SERVICE| # OF SYMBOL DESCRIPT ION
: AIC RATING - 22 KAIC 100 AMP BUS 100 AMP MCCB RUN CONDU/ 7‘5 S 1 ZE D /STANCE DESCR/PT ION /NS TALLAT ION
| ESIE:_DOSF\IL%JET:R;AI\'SE MOUNTED CABINET SURI?:‘\(()ZEVSI(-)EJﬁTED |PHASE, 3 WIRE + GROUND 1% 4 4. 0” 6' | EX. (9)#6, EX. (4)#6 GROUND, [NEW (4)#2] - *: - EXISTING & PROPOSED L IGHT ING STANDARD AND POLE BASE
4 | EX.(9)#6, EX. (1)#6 GROUND, [NEW (4)# -
: CIRCUIT BREAKER |ckT.|ckT.| CIRCUIT BREAKER R 2 J u 0,, I ; EX. (9)36, EX )26 _CROUND, [NE 2] T EXISTING L IGHT ING CONTROL AND DISTRIBUT ION
: LOAD SERVED FRAME 1TRIP TPOLE | NO.'| NO. [FRAME | TRIP | POLE LOAD SERVED 3 1 4. 0 74 [LNEW (4)#2, (1)#6 GROUNDIJ BORE 2 (_\__/' T ENCLOSLURE AND IDENTIFIER
| EXISTING 00 [a0] + [ r[2]wo [40] EXISTING 4 ! 4. 0" 241" | [NEW (4)%2, (1)#6 GROUNDI TRENCH JLW. _
: EXISTING 00 (40| ' |5 |6 100 [40] i EXISTING 6 / 5. 0° 6" | [NEW (2)%6, (1)%6 GROUNDI TRENCH - ~ EXISTING & PROPOSED L IGHT ING STANDARD IDENT IF IERS
l SPARE 00 [20] 1+ [9fw]wo 20 SPARE 8 ’ 3. 0” 6" | LNEW (2)%6, (1)%6 GROUND] TRENCH TEXCONT _ £xISTING & PROPOSED L IGHT ING SERVICE RUN
; 9 1 4. 0" 182" #% | [NEW (4)#2, (1)#6 GROUNDI] TRENCH — LI-CON —
' NOTE: SERVICE RUN DISTANCE REFLECTS CONDUIT LENGTH ONLY. <
I * DENQTES EXISTING _CONDUIT =5 - EXISTING & PROPOSED SERVICE RUN IDENTIFIER
. ¥+ SERVICE RUN CONTINUES ON ADJACENT SHEET
I 1
I - — EXISTING & PROPOSED L IGHT ING JUNCTION WELL IDENTIFIER (TYPE)
|
I 2>~ EB- - EXISTING & PROPOSED L IGHT ING POLE BASE IDENTIFIER (TYPE)
| LIGHTING STANDARD SCHEDULE
' S - EXISTING UTILITY POLE
I no. | circuit wo. |OLESET ROV wEiGHT | aRM L IGHT STANDARD
| - T
I LS-1 7 23 35 |(2)15| (2) 215 W LED, IES TYPE 2 DISTRIBUT ION § EXISTING ELECTRICAL SERVICE PEDESTAL
I . L LS-2 8 23. 5 35 |¢2)15((2) 215 W LED, IES TYPE 2 DISTRIBUTION
; ) b H; = | T‘ * OFFSETS FROM EDGE OF ROAD ADJACENT TO EB US 40
| ‘«‘ gl E aly Ui
| = | 2| | x
| 23 ks asphaLT |l | © | | =
| ] =3 i O -
| 3 “I 2Ll B B~ T
| 4 | KJ @> b - LA | S D
| <
| HDPE e = Sy
| St g i AlE '\ w ~
' - D1 Al olllis ' -
| Jx_OAK ) dlle  [2|f|E /
x5 2 : i : / f/g?E 7
OAK - 3 [ CA
| / COMCAST AR |3 RN VN M 44777 38008
| & " FIB @/ | / T
| A o) (o)) .
| ASPHALT a3~ U W R , a7 TN = A #44793 38955
. . SR Y , N i s
| .._& @ Vi | A |~/ \\ \"“A T REATT6 W EXISTING R/W EXISTING R/W
: v N g %) = ! v\‘@- = / > EXISTING R/W N M g
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; A\ 1. PHOTOELECTRIC CONTROL FOR ALL PROPOSED LUMINAIRES SHALL BE AT THE EXISTING LIGHTING CONTROL AND DISTRIBUTION ENCLOSURE.,
| P W
; \& 2. THE CONTRACTOR SHALL STAKEOUT ALL PROPOSED LIGHT POLE LOCATIONS PRIOR TO INSTALLATION OF THE POLE BASE. IF THE CONTRACTOR
. > PERCEIVES THAT AN UNDERGROUND OR OVERHEAD UTILITY CONFLICT EXISTS, THE CONTRACTOR SHALL NOTIFY THE ENGINEER FOR A RESOLUTION.
: 3. DELDOT LIGHTING STANDARDS SHALL BE INSTALLED ON BREAKAWAY TRANSFORMER BASES. PREPARED BY
|
: 4. THE PROPOSED DELDOT LIGHTING STANDARD LUMINAIRE SHALL BE 215 WATT LED, IES TYPE 2 HORIZONTAL DISTRIBUTION, COBRA-HEAD STYLE
: FIXTURE WITH CUT-OFF OPTICS MOUNTED WITH O DEGREE TILT ANGLE (CATALOG NO. ATB2 60BLEDEIO MVOLT R2 NR). WRA Whitman, Requardt and Associates, LLP
Engi Architects Envi tal PI Est. 1915
l & 5. ALL CONDUIT SHALL BE SCHEDULE 80 PVC WHEN INSTALLED BY TRENCHING OR OPEN CUTTING AND HDPE SDR-13.5 WHEN INSTALLED BY BORING, R T A e
; 3 UNLESS OTHERWISE NOTED.
| > 4/ 7/ 2020
; 3 6. EXISTING JUNCTION WELLS AND CONDUITS WITHOUT IDENTIFIERS ARE NOT TO BE USED FOR THE INSTALLATION OF PROPOSED LIGHTING CABLES. THIS SEAL APRLIES TO_ALL SFEETS DATE
; 2 7. THE CONTRACTOR SHALL UTILIZE THE EXISTING LIGHTING CABINET TO INSTALL THE PROPOSED LUMINAIRES, SEARTC TE TWRA SETTION DESIORATOR. S
3 8. THE CONTRACTOR SHALL USE COLOR CODED WIRING BY CIRCUIT. CONCURRENCE FOR INSTALLATION
l @ 9. ALL WORK PERFORMED UNDER THIS PROJECT IS INTENDED TO OCCUR WITHIN DELDOT'S EXISTING RIGHT-OF-WAY BASED ON THE RIGHT-OF -WAY
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LIGHTING SERVICE SCHEDULE LIGHTING STANDARD SCHEDULE
SERVICE # OF
rRUN " |conoliTs| S!ZE | DISTANCE DESCRIPT ION INSTALLAT ION No. | circuiT wo. g;GFgEOTF F:OOA% HE IGHT | ARM L IGHT STANDARD
’” 74 # #
2 ; R R e e iy LS-3 7 23 35 |(2)15/ (2) 215 W LED, IES TYPE 2 DISTRIBUTION
11 ” 4' 0" 173 | INEW (4)#2’ (1)%6 CROUND] TRENCH LS-4 8 23. 5 35’ (2)15°\ ¢2) 215 W LED, IES TYPE 2 DISTRIBUT ION
10 ” 3' 0" 5 | [NEW (2)#6’ (1)%6 CROUND] TRENCH LS-5 /7 23 357 (2)15°\ ¢2) 215 W LED, IES TYPE 2 DISTRIBUT ION
13 ” 4' 0" 181 | LNEW (4)#2’ (1)%6 CROUND] TRENCH LS-6 8 23. 5 35’ (2)15°\ ¢2) 215 W LED, IES TYPE 2 DISTRIBUT ION
14 ” 3' 0" s | INEW (2)#6’ (1)%6 CROUND] TRENCH LS-7 /7 23 357 (2)15°\ ¢2) 215 W LED, IES TYPE 2 DISTRIBUT ION
— p” 2 LS-8 8 23. 5 357 15 215 W LED, I|ES TYPE 2 DISTRIBUT ION
15 1 4. 0 181 [LNEW (4)®82, (1)#6 GROUNDI] TRENCH FFSETS FR R r 7 4
16 7 3.0" 11 | [NEW (2)%#6, (1)%#6 GROUNDI] TRENCH * OFFSETS FROM EDGE OF ROAD ADJACENT TO EB US 40
17 1 4. 0” 175 | [NEW (4)#2, (1)#6 GROUNDJ] TRENCH
18 1 3. 0” 7" | LNEW (2)86, (1)#6 GROUND] TRENCH NOTES:
19 7 3. 0" 117" | [NEW (2)%#6, (1)%6 GROUND] TRENCH 1. PHOTOELECTRIC CONTROL FOR ALL PROPOSED LUMINAIRES SHALL BE AT THE EXISTING LIGHTING CONTROL AND DISTRIBUTION ENCLOSURE.
Q/OEE;VO%Q?VL;% Sf;l//%GD éé%ﬁ% REFLECTS CONDUIT LENGTH ONLY. 2. THE CONTRACTOR SHALL STAKEOUT ALL PROPOSED LIGHT POLE LOCATIONS PRIOR TO INSTALLATION OF THE POLE BASE. IF THE CONTRACTOR
#+ SERVICE RUN CONT INUES ON ADJACENT SHEET PERCEIVES THAT AN UNDERGROUND OR OVERHEAD UTILITY CONFLICT EXISTS, THE CONTRACTOR SHALL NOTIFY THE ENGINEER FOR A RESOLUTION.
3. DELDOT LIGHTING STANDARDS SHALL BE INSTALLED ON BREAKAWAY TRANSFORMER BASES.
4. THE PROPOSED DELDOT LIGHTING STANDARD LUMINAIRE SHALL BE 215 WATT LED, IES TYPE 2 HORIZONTAL DISTRIBUTION, COBRA-HEAD STYLE
FIXTURE WITH CUT-OFF OPTICS MOUNTED WITH O DEGREE TILT ANGLE (CATALOG NO. ATB2 60BLEDE10 MVOLT R2 NR).
5. ALL CONDUIT SHALL BE SCHEDULE 80 PVC WHEN INSTALLED BY TRENCHING OR OPEN CUTTING AND HDPE SDR-13.5 WHEN INSTALLED BY BORING,
UNLESS OTHERWISE NOTED.
6. EXISTING JUNCTION WELLS AND CONDUITS WITHOUT IDENTIFIERS ARE NOT TO BE USED FOR THE INSTALLATION OF PROPOSED LIGHTING CABLES.
7. THE CONTRACTOR SHALL UTILIZE THE EXISTING LIGHTING CABINET TO INSTALL THE PROPOSED LUMINAIRES.
8. THE CONTRACTOR SHALL USE COLOR CODED WIRING BY CIRCUIT.
9, ALL WORK PERFORMED UNDER THIS PROJECT IS INTENDED TO OCCUR WITHIN DELDOT’'S EXISTING RIGHT-OF -WAY BASED ON THE RIGHT-OF -WAY
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(&}
% CONCURRENCE FOR INSTALLATION
%5 CHIEF TRAFFIC ENGINEER DATE
g ADDENDUMS / REVISIONS CONTRACT SECTION
38 DELAWARE SCALE PERMIT NO. N552 LIGHTING PLAN
g” /\\ 0 50 60 90 OO [ oraots 6v: owe US 40 (PULASKI HIGHWAY) WRA
28 = DEPARTMENT OF TRANSPORTA'"ON —?5 COUNTY CHURCH RD /WELLINGTON RD| sHeET no.
gg NEW CASTLE CHECKED BY: MJB TO ROCKWOOD RD 2
zZ




LIGHTING STANDARD T ¢ =/ )
2-%10 ANG THWN TO LUMINAIRE GROUND TO LUMINAIRE Sl | Mg;gm‘G LE‘}\.R(:.V'TH W|DNT"|!|\I'W' %?E CIFE?LLET 7
N / | z
PHASE WIRES (SIZE AS = L—-—-}—-—\ . . .
NOTED ON PLANS) p — \ ) LESS THAN 30 13 1 13%"
glggo' tY\T gomggTOR TQ I (B’ LESS THAN 40'
U . ) 30' 15" 1y 15"
TRANSFORMER BASE 1 == -
LESS THAN OR "
40 . 13" 1 13%"
" GROUNDING LUG TOP VIEW EQUALTO 20
L 26 GROUND SPACER PLATES SHALL
® BE USED TO PREVENT CONSTRUCTION NOTES
B e rery mp— OPENING ON TOP
| I r——— =< POLE FOUNDATION BOLTED GROUND REMOVABLE ACCESS OF BASE
| & | | | (STD TYPE 6 UNLESS CONNECT ION DOOR (BACK SIDE, 1. ALUMINUM TRANSFORMER BASE SHALL MEET 1985 AASHTO BREAKAWAY REQUIREMENTS.
| | | MOUNTED ON BARRIER) . ) AWAY FROM TRAFFIC) —~_
| N TN - GROUND ROD -3/4"DIA. x20 2. BREAKAWAY TRANSFORMER BASES SHALL BE INSTALLED WITH ALL POLES,
[ A R ' | i : 7 yi | | LONG COPPER-CLAD STEEL \F/\c/)/ﬁ)fﬁméi?uﬁlm UNLESS OTHERWISE NOTED.
T T~ / I / WASHERS, H.D. GALVANIZED 3. LIGHT STANDARDS MOUNTED TO BRIDGE/RETAINING/BARRIER WALLS DO
GROUND ING BUSH ING—— P [ 17" NOT REQUIRE BREAKAWAY BASES.
V
STUBBED CONDUIT / ! ! 4. OPENING OF TRANSFORMER BASE ACCESS DOOR SHALL BE INSTALLED ON
(3)#12 - > GROUNDING LUG THE SIDE OF THE POLE FACING AWAY FROM TRAFFIC.
1A LINE 1 5. PROVIDE ACCESSIBLE GROUNDING NUT OR LUG INSIDE TRANSFORMER BASE.
-
1B LINE 2 TYPI C AL LUMINAI R E C O NN E C T O N - 2 40 V S E RV I C E ~a—1 ANCHOR BOLTS 6. PROVIDE WASHERS, SHIMS AND BOLTS AS REQUIRED BY TRANSFORMER BASE
? 100 AMP ENCLOSED MAIN END OF RUN J) WHBCNUTS AND ANHAETEIER
@ CIRCUIT BREAKER STEEL PLATE (4) 7. THE CONTACT AREA BETWEEN THE TRANSFORMER BASE AND CONCRETE FOUNDATION
SHALL BE SHOP COATED WITH COAL TAR EPOXY MEETING SSPC-PAINT 16 SPECIFICATIONS.
@ 100 AMP CONTACTOR THE THICKNESS OF THE COATING SHALL BE BETWEEN 6 AND 8 MILS. THE COATING SHALL
_______ - . BE COMPLETELY DRY BEFORE INSTALLATION. THE TOP OF THE FOUNDATION SHALL NOT
: 2 | ! (3) PHOTOELECTRIC CELL q ) BE PAINTED.
¢ 1 Q. |O IMAN . 8. TOP AND BOTTOM OF BASE MAY BE SLOTTED FOR BOLT CIRCLE. SLOT MUST
| | OFF @ SELECTOR SWITCH - ACCOMMODATE DIMENSION SHOWN.
I
o~ _O—:— @ 20 AMP 2P BREAKER 9. TRANSFORMER BASE AND ASSOCIATED COMPONENTS SHALL MEET THE FOLLOWING
. AUTO MATERIAL REQUIREMENTS:
i I G ——E O (6) CONTROL CABINET . )
i I - 1 ANCHOR BASE - AA356-T6
I — ! @ 15 AMP SINGLE POLE BREAKER BOLT COVERS - AA356
| = I@ ANCHOR BOLT NUTS ASTM - A563 GR.A
| | LIGHTING ARRESTOR BOTTOM VIEW ANCHOR BOLTS - ASTM - F1554 GR55
e L _J___ STN. STL HARDWARE - AISI - 300 SERIES SST
TRANSFORMER BASE - AA356 - T6
¢ \ ¢ ¢ ¢ * ¢ T-BASE HARDWARE - ASTM - A325 GALV.
= ¢
55 10 ROADWAY LIGHTING STRUCTURE ON BREAKAWAY TRANSFORMER BASE
N AT A T A T A T A AT A1 AT A L'G¥T'NG
WG ! 3 | | H | ! i | 2R L IGHT ING
NoNo! Moo NoNo! NoNo! NoNo! NoN\o! PLANS FOR
—_— R Jd T _JJ —_—Jd T JJ —_— = d ]
SERVED AND
DISTRIBUTION
CABLE SIZES. ' ‘
@ I 31||

-
- SPUN TAPERED ALUM. . SIZE. THIS DETAIL OF LUMINAIRE IS FOR
8 VISUAL IZATION PURPOSES ONLY. | 15"
A7 B7 A8 B8 EXISTING CABLES TO REMAIN NOM.| )_3,, -
* 14"
N H COBRAHEAD LUMINAIRE DETAIL
30" -0"/40° -0* MOUNT ING HE IGHT -
(THIS IS THE HEIGHT OF THE LUMINAIRE ABOVE THE ROADWAY, NOTES:
SEE LIGHTING STANDARD SCHEDULE FOR ACTUAL POLE HEIGHT) 1. HEAT TREAT POLE & DAVIT TO -T6, TEMPER AFTER WELDING.
W #11 2.  FINISH - POLE & DAVIT SHALL BE SATIN FINISHED POL ISHED
NOTES: AND WRAPPED,
5'-6" RADIUS (8',12°,15° ARMS) 3. DE? énglEEDI¥ sﬁcggongTgl rTonSTQEDmg ESTABL ISHED BY THE
1. ALL WIRING #2 OR LARGER SHALL BE INSTALLED IN FLEXIBLE LA Il AASH UIREMENTS,
4, TRANSFORMER SHALL MEET THE STANDARDS ESTABLISHED BY THE
e 5, GLIEST EDLTION OF esito BREAKINAY REGUIREUENTS. o ey
o U VARYI LEVATI ADWAY, IT MA A
AR TR TG T . 5 Wi o, Lt T (8,
. ROX. A IFIED ON PLANS) ABOVE THE ROADWAY. THE CONTRA
) - 14" TAPER/FT. SHALL BE RESPONSIBLE FOR DETERMINING THESE MEASUREMENTS.
JN ¥ 3. THE LIGHTING CONTACTOR SHALL BE IN A PROPERLY SIZED ] E—L EE‘T\WEEuO}NEXéEESCEgI LUMINAIRES, THE DIFFERENCE IN HEIGHT
ENCLOSURE. ° 13" FLUSH JOINT LL .
4. ALL CONDUCTORS NOT IN CONDUIT SHALL BE BUNDLED OR
(2) 215 WATTSlLST 1!7_‘ )| JN ¥ WRAPPED AND SECURED IN CABINET AWAY FROM SHARP EDGES. -
‘;" MATERTAL SPECIFICATION
5. BONDING BUSHINGS SHALL BE USED FOR ALL CONCENTRIC 3 INTERNAL POLE & DAVIT TUBES | 6063-16
KNOCKOUTS. w gﬁgPEgTng- POLE ANCHOR BASE AA356-16
(2) 215 waTTS [LST 2] ? N o1 SN BOLT_COVERS AA356
¢ 6. ALL CABLES SHALL MEET AMPACITY REQUIREMENTS OF - P ANCHOR BOLT NUTS ASTM-A563 GR. A ALUMINUM GUSSET PLATE
THE NATIONAL ELECTRIC CODE. THE MINIMUM CABLE SIZE S w ANCHOR BOLTS ASTM-F1554 GRS WITH DRAIN HOLES WELDED
WITHIN THE CONTROL CENTER SHALL BE NO. 12 AWG. . 5 2 STN. STL. HARDWARE | AI51-300 SERIES STN, STL, TO ARMS (BOTH SIDES)
[ ¢ S w TRANSFORMER BASE AA356-T6 v
(2) 215 WATTSlLST 3! ® Jw 1 7. REFER TO PLANS FOR NUMBER AND SIZE OF CIRCUIT BREAKERS. g T-BASE_HARDWARE ASTM-A325 GALV.
w
8. REFER TO PLANS FOR NUMBER AND SIZE OF ELECTRODE &
GROUNDING CONDUCTOR WIRES REQUIRED. %
(2) 215 WATTS [LST 4] ? N 81 - 4"X8" CURVED HANDHOLE FRAME &
? 9. ULTIMATE CABINET WIRING AND CONFIGURATION TO BE 5 @ ESVEﬁAg | wz’g 2: 31 ﬁ;PEbSh(SJEES'FoR
DETERMINED BY CANAL DISTRICT MAINTENANCE. v T . -
GRD. CONN. (REQUIRED ONLY FOR
—3 % ANCHOR BASE DES IGNS) DOUBLE DAVIT ARM DETAIL
(2) 215 WATTSlLST 5!— )\ JN 81 ,
L L, TR B
( AIL - REO'D ONLY
. TRANSFORMER BASE DESIGNS) PREPARED BY
(2) 215 WATTS [LST 6| T awm =
WRA) Whitman, Requardt and Associates, LLP
5 Engineers « Architects« Environmental Planners Est. 1915
—o
3| @ aswars[ust 7 ¢ DAVIT ARM L IGHT POLE DETAIL
2 Ju B N, T.S.
3 215 WATTS [LST 8] il | A& _ 4/ 712020
g THIS SEAL APPLIES TO ALL _8HEETS DATE
2 BEARING THE “WRA"SECTION DESIGNATION. SEAL
(&)
g OPOSED CIRCUIT DIAGRAM
g
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